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Preface
This Guidebook for Genetic Resources Documentation, he IBPGR Genebank
Management System (GMS) software and the GMS User’s Guide are three
outputs of a project funded jointly by IBPGR and the International De-
velopment Research Centre (IDRC), Ottawa, Canada entitled ‘Develop-
ment of sustainable national agricultural genetic resources documenta-
tion programs: A self-teaching approach’. The primary focus of this project
was to provide mechanisms that will promote self-sustainability of ge-
netic resources documentation efforts by imparting and disseminating
knowledge that can be used to develop the technical skills and thought
processes necessary for the efficient documentation of genetic resources.
The intention of IBPGR and IDRC has been to involve all willing partici-
pants in this project from its start. Three national plant genetic resources
programmes were formally asked to consult with IBPGR on this project.
In addition, during the early stages of the project, many other organisa-
tions collaborated with IBPGR by giving advice and holding discussions
on the focus of the Guidebook, documentation methodology, and soft-
ware design. Three regional workshops were held to encourage collabo-
ration in genetic resources documentation and to assess this Guidebook
and the associated software.
This Guidebook will assist users in making their own decisions on
the analysis, design, implementation and use of both manual and micro-
computer-based documentation systems. The GMS software and the
User’s Guide are provided with the Guidebook as an optional mechanism
for the establishment of a documentation system.
This document represents a timely, self-teaching treatment of a sub-
ject of concern to those involved with many aspects of genetic resources
documentation, characterisation, conservation, management and utilisa-
tion. As an essential part of the development of the project, the Guidebook’s
authors solicited the expert advice of reviewers and collaborators and
responded to their valuable suggestions in the preparation of the final
work. IBPGR is thankful for the range and extent of comments that many
individuals from many organisations made on all the drafts of the Guide-
book.
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Introduction: the purpose of this guidebook
Developing a new documentation system for a genebank or updating a
system that already exists at your genebank can be a daunting thought.
It is an enormous job and it can be difficult to identify where to start.
If you are reading this guidebook, it is likely that you intend to be
involved in some way with developing a new documentation system for
your genebank. You may already have experience of genebank docu-
mentation, in which case you may have some ideas about how to ap-
proach the design of a new system. But equally it could be an area that is
completely new to you.
1 Who should use this guidebook
This guidebook is aimed at people with different backgrounds and
experience who are faced with the common objective of developing a
new, or improving an existing genebank documentation system.
You may be working at a small to medium sized genebank which
has not previously developed a sophisticated documentation system, or
a newly established genebank which has not yet clearly defined its ac-
tivities. Equally, you might be working at a large genebank with an ex-
isting documentation system, but want to look at ways that the existing
system can be improved to cope more efficiently with the large volumes
of work.
If you have been given the task of designing a new system, you will
probably have academic qualifications in a scientific or technical field. It
will be useful if you have some experience of genebank activities, though
this is not essential. This guidebook takes into account the fact that you
may have no previous experience of this area, by discussing typical gene-
bank activities in detail. Some experience of working with computers
would also be an advantage, but again this is not essential as the guide-
book contains a detailed chapter on computer basics.
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2 Background: the problem
Genebanks will have problems managing their collections if they
do not have up to date, accurate and reliable information stored in a
systematic and easily accessible way. Such a documentation system al-
lows genebanks to use information to plan their day to day activities and
to maximise the use of their often limited resources. Also, without an
effective documentation system, genebanks cannot develop with a clear
sense of direction and they cannot easily communicate or collaborate
with other institutions.
There are a number of factors which hinder the development of sus-
tainable documentation systems in genebanks. These hindrances, some
or all of which you might have encountered, are discussed below.
2.1 Lack of expertise in documentation
Documentation skills are an essential resource for any genebank. If
there is a lack of expertise in documentation at your genebank, or if staff
have not received adequate training, you will probably feel the need for
advice and guidance on the major task of developing and implementing
your documentation system.
2.2 Lack of training materials
If there are no available staff at your genebank with expertise in
documentation to pass on their valuable knowledge, suitable training
materials will be needed to guide you through the different stages of
developing and implementing your new system. These self-teaching ma-
terials must be simple to follow, demanding little or no additional assis-
tance. If you don’t have access to such self-teaching materials, the pro-
cess of developing and implementing a new documentation system will
be problematic.
2.3 Shortage of staff
Often genebank staff have many other duties to perform and only a
limited amount of time to devote to documentation. This is a common
problem in many genebanks. If time spent on documentation is not allo-
cated wisely, problems will be experienced in both the development and
the operation of the documentation system.
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2.4 Low priority given for documentation
When allocating priorities in any organisation, the importance of all
activities taking place must be assessed before any decisions are made.
Often, not enough time or resources are assigned to documentation in
genebanks. This will inevitably lead to inadequate documentation sys-
tems being operated.
2.5 High turn-over of qualified personnel
Well qualified personnel, such as database specialists and program-
mers, may not stay in the same job for long periods of time. Often they
will be only working on short-term contracts. This potential high turn-
over of documentation personnel can disrupt the continuity in the de-
velopment of the documentation system. It can also cause operational
problems resulting from a lack of knowledge base covering the system
as a whole.
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2.6 Lack of appropriate technology
If appropriate technology is not available, or unsuitable technology
is used, a documentation system will be difficult to operate. Problems
will also arise when the system is modified or developed to meet the
changing documentation and information needs. This would be true if,
for example, a manual system is implemented when a computerized
system is needed, or when an inappropriate computerized system is
developed. Decisions made concerning what technology is used are usu-
ally related in some way to what budget is available for a particular
project. However, foresight is essential when making such decisions. The
equipment you invest in now will be with you for several years to come
and the cheapest option is often not the best.
All these factors can contribute to a lack of documentation, or the
development of documentation systems which are either inappropriate
or inadequate for the needs of a genebank. What can be done to over-
come this?
3 The solution: self-teaching materials
Training in documentation skills and the appropriate technology is
vital to the development of a sustainable documentation system. Since
training in documentation skills through personal tuition is not always
available, self-teaching materials provide an excellent alternative.
This self-teaching guidebook for plant genetic resources documen-
tation specifically addresses these training needs. It is designed to help
you set up a manual or computerized documentation system appropri-
ate to your requirements and resources. This is achieved by guiding you
through all the areas you need to consider, thus putting you in a posi-
tion where you are able to assess your own needs. It approaches the
three major stages of setting up a manual or computerized documenta-
tion system in a step by step fashion through:
Analysis of genebank activities to determine information and docu-
mentation needs
Design of the manual and/or computerized system based on docu-
men tation and information needs
Implementation of the system that has been developed
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4 Structure of the guidebook
The chapters of this guidebook form a progressive series of self-
contained modules. They approach the different stages of construction
of your documentation system in a logical order, discussing the basic
documentation activities and providing training in the use of comput-
ers.
Central to this guidebook are two detailed questionnaires which are
designed to analyse your genebank documentation and information
needs. You should spend some time completing these, as they form a
valuable foundation for use when designing the structure of your new
documentation system. The results of these questionnaires are built on
as you progress through the guidebook.
Exercises are also included in most chapters to test the comprehen-
sion of new topics.
The focus of each chapter is as follows:
Chapter 2; Introduction to genebanks and documentation systems, in-
troduces you to the organisation and operation of genebanks and gene-
bank documentation systems and describes the stages in building a sys-
tem.
Chapter 3; Information processing in genebanks, describes the central
role played by genebank procedures in the generation and processing of
information and highlights the use of accession numbers, batch refer-
ences and scientific names in building the genebank documentation sys-
tem.
Chapter 4; Analysis of data generation and use in genebanks, looks in
greater detail at many of the commonly performed genebank procedures
with regard to data generation and use.
Chapter 5; Data recording, looks in more detail at how data can be re-
corded and how this affects data handling and information retrieval.
Chapter 6; Organisation of different types of data, deals with the use of
manual forms in both computerized and manual systems and looks more
closely at the organisation and operation of a manual documentation
system.
Chapter 7; Computer basics, introduces the basic features of computers
– what they consist of, how they are operated and their use as tools for
carrying out a wide range of activities.
Chapter 8; Database basics, looks at the ways you can organise com-
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Chapter 9; Building the system, looks at the different stages of building
a computerized documentation system based on the analysis you have
performed at your genebank.
Chapter 10; Implementation and maintenance of the system, discusses
the implementation of your documentation system, considerations for
data security, procedures for changing your system and system docu-
mentation.
How to use this guidebook
It is important that the chapters of this guidebook are studied in
sequence.The earlier Chapters 2 to 5, concentrate on genebank proce-
dures. You are strongly advised to work through these chapters, even if
you already have experience in this area. You will no doubt progress
more rapidly than those with little or no experience in genebank proce-
dures. Above all, you should not omit to work through the question-
naires and analyses as these are central to the development of your new
documentation system.
If after analysing the questionnaire completed in Chapter 2, you
come to the conclusion that a manual system is the right system for your
genebank, Chapters 7 through 9 can be omitted as they concern the imple-
mentation of a computerized system. If, however, you are in any doubt
about what type of system is most suitable for your genebank you are
strongly advised to work through these chapters. Some of the points
discussed concerning the benefits of a computerized system might cause
you to rethink your options. Chapter 7 is intended as an introduction for
people with little or no computing experience.
Any questionnaires should be filled in and analysed and exercises
in comprehension should be completed satisfactorily before moving on
to the next chapter. The sections dealing specifically with the operation
of computerized documentation systems assume that the concepts in-
troduced in previous chapters are thoroughly understood and that a full
analysis of genebank documentation and information needs has been
performed.
Working thoroughly through this guidebook will provide you with
many more benefits than just the knowledge needed to design and imple-
ment a new documentation system. The process will give you greater
insight into all aspects of how your genebank operates. The knowledge
and skills gained will be a valuable asset to both you and your genebank
for any future work you undertake.
Chapter 2
Introduction to genebanks and documentation
systems
Chapter 2 will introduce you to the organisation and operation of gene-
banks and genebank documentation systems. When you have finished
this chapter, you will be able to:
Explain how genebanks differ from one another
List four major categories of genebank
Review different types of collection
Distinguish data from information
Describe the role information has in setting priorities
Demonstrate the need for a documentation system
List desirable features of a documentation system
Describe how data are organised in a documentation system
List the stages in the construction of a documentation system
Obtain background information on your genebank using the ques-
tionnaire included
1 Introduction to genebanks
1.1 Genebanks as genetic resource centres
In the same way that libraries are resource centres for information,
so plant genebanks are resource centres for living plant material. Plant
genebanks maintain collections of plant material-with the aim of keep-
ing them alive and preserving their characteristics for the future benefit
of mankind and the environment. Genebanks are also called “plant ge-
netic resources centres”, emphasising that plants are sources of genetic
characteristics – sources of diversity. The plants maintained include eco-
nomically important food crops (modern and primitive cultivars and their
weedy and wild relatives), horticultural plants, forages, medicinal plants
and trees. Genebanks do not maintain all types of plants – this would be
too great an undertaking. Instead, they are selective about the plants
they keep.
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1.2
The material that is actually maintained – whether it’s seeds, tissue
culture or actively growing plants – is called germplasm. Germplasm is
the genetic material responsible for a plant’s characteristics, transmitted
from one generation to the next. It doesn’t matter in what form the germ-
plasm is maintained for the future so long as the aim of keeping the
plant material alive and preserving their characteristics is achieved.
Although all genebanks conserve germplasm, they are much more
than just cold rooms full of seeds. Genebanks are involved in a range of
other activities which make the germplasm more useful to other scien-
tists. Some of these activities are listed below.
Acquisition of new germplasm samples
Multiplication/regeneration of germplasm
Characterisation and preliminary evaluation of germplasm
Documentation and exchange of information on germplasm
Conservation of germplasm
Supply of germplasm
Collaboration with other plant genetic resource centres
Organisation of technical meetings and training workshops
Research (e.g. germplasm enhancement, seed physiology)
We’ll be looking in greater detail at some of these activities in later
chapters.
Why do genebanks differ?
Genebanks differ from one another in their activities and how the
activities are organised and performed.
Consider the differences between a genebank attached to a particu-
lar breeding programme and a national genebank. Their objectives, ac-
tivities and-priorities are different. The breeding programme probably
keeps germplasm for the few crops in the programme and since its ma-
jor objective is use of the germplasm, it probably stores the germplasm
under medium-term storage conditions. On the other hand, the national
genebank generally keeps a wide range of species and, as one of its ma-
jor objectives is conservation, it stores the germplasm under long-term
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storage. The breeding programme also has different priorities with re-
gard to the supply and receipt of germplasm; it probably wasn’t equipped
for distributing germplasm or having the necessary quarantine facilities
to deal with batches of incoming seed. The reason the breeding pro-
gramme wasn’t equipped to do these things was because it doesn’t need
to do them.
1.3 Genebank aims and objectives
What a genebank is set up to achieve can be summarised in a short
statement of its aim. Examples could be: "... to conserve barley germ-
plasm for the in-house breeding programme"; "... to conserve national
maize germplasm for the benefit of future generations and to ensure the
supply of the germplasm without prejudice to all scientists." The gene-
bank aim is often accompanied by a number of objectives. For example,
a national genebank might have the following objectives:
Long-term conservation of national plant genetic resources
Germplasm regeneration
Characterisation and evaluation work on specific germplasm
Organisation of germplasm exploration and collection at a national
level
Introduction of germplasm
National and international exchange of germplasm and informa-
tion
Training, education, and organisation of technical meetings and
workshops
In order to achieve these objectives a number of different genebank
activities must be performed. For example, the objective “Acquisition of
wild Arachis germplasm” involves the activities illustrated in fig. 1.











Fig. 1. Activities involved in the acquisition of wild Arachis germplasm
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1.4
Many genebank activities generate and use data in their operation.
It follows that any change in genebank objectives will have an effect on
the activities that are performed and any data that are produced or used.
Different categories of genebanks
Four major categories of genebanks can be identified according to
their aims.
Definitions: INSTITUTIONAL GENEBANK
An institutional genebank is set up to conserve only the germplasm
which is used in (or is potentially useful to) the research programmes in
its host institute or host agricultural research centre.
NATIONAL GENEBANK
A national genebank is set up as a national plant genetic resources
centre maintaining many different germplasm samples of current and
potential interest for people working in plant research nationally. Com-
monly it will contain germplasm which has been collected nationally. It
may be closely associated with a research programme or undertake its
own research.
A national genebank can be a collaborative venture between na-
tional institutes or under the responsibility of one institute which col-
laborates with other national institutes.
REGIONAL GENEBANK
A regional genebank is set up as a collaborative venture between a
number of countries in the same geographical region to conserve the
germplasm from that region and to support plant research. Examples of
regional genebanks include the Southern African Development Coordi-
nation Conference (SADC) Regional Genebank in Zambia, the Centro
Agronómico Tropical de Investigatión y Enseñanza (CATIE) in Costa
Rica and the Nordic Genebank for Agricultural and Horticultural Plants
(NGB) in Sweden.
INTERNATIONAL CENTRES
Most of the international agricultural research centres (IARCs) of
the Consultative Group on International Agricultural Research (CGIAR)
have substantial germplasm collections, centered on particular crops
called mandate crops, but also holding other crops (see table 1). Much of
the germplasm is collected worldwide with international collaboration and is
conserved for the benefit of plant genetic resources activities worldwide.
Chapter 2: Introduction to genebanks and documentation systems 11
Genebanks don’t usually work in isolation from other genebanks or
genetic resources programmes. Often there will be collaboration between
institutional and national genebanks as part of a national programme of
plant genetic resources work. There will also be good contacts between
the national genebanks and the international centres. This sort of coop-
eration between genebanks stimulates mutual development and ensures
an effective international operation for the conservation of plant genetic
resources.
Table 1. International agricultural research centres of the CGIAR and their
mandate crops
INTERNATIONAL CENTRE
Centro Intemacional de Agricultura Tropical
(CIAT), Colombia
Centro Intemacional de Mejoramiento de Maíz y
Trigo (CIMMYT), Mexico
Centro Internacional de la Papa (CIP), Peru
International Centre for Agricultural Research in
the Dry Areas (ICARDA), Syria
International Centre for Research in Agroforestry
(ICRAF), Kenya
International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT), India
International Institute of Tropical Agriculture
(IITA), Nigeria
International Livestock Centre for Africa (ILCA),
Ethiopia
International Network for the Improvement of
Banana and Plantain (INIBAP), France
International Rice Research Institute (IRRI),
Philippines
West Africa Rice Development Association
(WARDA), Côte d’Ivoire
GERMPLASM HOLDINGS
Phaseolus vulgaris, Phaseolus lunatus, other Phaseolus
species, cassava, wild cassava (in vitro), forage
grasses, forage legumes
wheat, maize, triticale, rye, barley
potato, wild species of potato, sweet potato, wild
species of sweet potato, other Andean root and tuber
cereals, food legumes, forages
agroforestry species
Sorghum, finger millet, pigeonpea, foxtail millet,
little millet, barnyard millet, pearl millet, chickpea,
groundnut, proso millet, sawa millet, kodo millet
sweet potato, cassava, yams, Musa spp., taro, wild
Vigna, multipurpose trees, bambara groundnut,
misc. food legumes, cowpea, soybean, rice
grasses, legumes, browse
banana, plantain
Oryza sativa (Asian rice), O. glaberrima (African rice),
wild species and species hybrids, taxa in general
related to Oryza
rice
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1.5 Different types of collections in genebanks
We’ve been talking about the different types of genebanks but not
much about how the germplasm is maintained. Germplasm is maintained
in a number of different “collections”; these collections are used by the
genebank in different ways. There are three types of collections that you’ll
commonly come across in the literature: base, active, working. The pur-
pose for setting up each collection type is quite different. Some useful
working definitions are now given.
Definitions: BASE COLLECTION
A collection of germplasm which is kept for long-term, secure con-
servation and is not to be used as a routine distribution source. Seed is
usually stored at sub-zero temperatures with low seed moisture content.
ACTIVE COLLECTION
A collection of germplasm used for regeneration, multiplication, dis-
tribution, characterisation and evaluation. Ideally germplasm in the ac-
tive collection should be maintained in sufficient quantity to be available
on request. Active collection germplasm is commonly duplicated in a
base collection and is often stored under medium to long-term storage.
WORKING COLLECTION
A collection of germplasm which is used by breeders or researchers
in their work. Conservation is not a priority in working collections. An
example of a working collection might be germplasm samples derived
from an active collection being used by breeders in the course of their
breeding programme.
You may also come across the terms “field collection” and “in vitro
collection”. A field collection (or field genebank) is a collection of living
plants (e.g. fruit trees, glass house crops and field crops). Germplasm
which would otherwise be difficult to maintain as seed can be kept in
field collections. Often it is the only type of collection maintained by the
genebank. Field collections should be thought of as active collections.
An in vitro collection is a collection of germplasm kept as plant tissue
grown in active culture on solid or in liquid medium. Like field collec-
tions, these should be thought of as active collections. In some cases the
tissue is stored at very low temperatures such as in liquid nitrogen. These
collections can be considered as base collections.
Chapter 2: Introduction to genebanks and documentation systems 13
1.6
You should not confuse the type of collection with the storage con-
ditions used. Storage conditions are defined more specifically as:
Long-term storage: -1 to -20°C, 4-6% seed moisture content, more
than 10 years storage
Medium-term storage: 1-10°C, 15% seed moisture content, up to 10
years storage
Short-term storage: reduced seed moisture content, ambient tem-
perature
Although many base collections are maintained under long-term
storage conditions, you might find them maintained under medium-term
or even short-term storage conditions particularly where facilities such
as cold rooms or deep freezers are not available. (Some people might
argue that this does not constitute a base collection). You’ll also find ac-
tive collections maintained under long-term storage conditions.
Genebanks commonly maintain their germplasm in more than one
collection or under more than one storage condition. An unpublished
survey by IBPGR of 321 genebanks in 1991 showed that 103 of these
maintained germplasm under more than one storage condition (long,
medium, short-term storage). Genebanks choose to use more than one
method of maintaining their valuable germplasm principally as a safe-
guard against loss but also to simplify working practices.
Genebank organisation
The larger genebanks are generally staffed by a curator (genebank
manager) and scientists working in the main activities together with sup-
port staff. This organisation is illustrated in fig. 2.
Curator
Collecting Conservation Characterisation/Evaluation Documentation Research
Fig. 2. Organisation of activities in a genebank
The different units have specific objectives for their work which are
determined by the overall objectives of the genebank. Usually, the docu-
mentation unit works closely with the other units supporting their ac-
tivities.
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2 Introduction to documentation systems
2.1 Data and information
Definitions: DATA
Quantitative or qualitative values derived from observations.
INFORMATION
The meaning that emerges when data are recorded, classified, or-
ganised, related or interpreted.
DESCRIPTOR
An identifiable and measurable characteristic (e.g. silique attitude,
see fig. 3) used to facilitate data classification, storage, retrieval and use.
DESCRIPTOR LIST
A collation of all the individual descriptors used for a particular
species or crop.
DESCRIPTOR STATE
A clearly definable state which a descriptor can take (e.g. 3 Erect, 5
Hanging or 7 Pointing down, see fig. 3).
DOCUMENTATION SYSTEM
Any way of storing and maintaining data. A documentation system
can use manual methods (such as hand written records) and/or com-
pletely computerized methods for data storage and maintenance. The
system is also designed for information retrieval.
4.4.7 Silique attitude
3 Erect 5 Hanging 7 Pointing down
Fig. 3. Different descriptor states for silique attitude in Brass ica
Chapter 2: Introduction to genebanks and documentation systems 15
When you weigh a batch of seeds or measure the height of a plant
or describe the colour of flowers, you are making observations on the
plant characteristics. In plant genetic resources work, it is customary to
refer to these characteristics as descriptors. What you actually write in
your laboratory notebook when making these observations is data. Data
can be quantitative and dealing with numbers (e.g. 94g, 34mm, 67%) or
they can be qualitative, that is, a description of the object being examined
(e.g. brown, hairy, horizontal). For many descriptors there are a limited
number of descriptor states (see table 2). For instance the descriptor “plant
growth habit” might only have three descriptor states: procumbent, de-
cumbent and erect. In other cases, the descriptor states are continuously
variable such as seed weight or plant height. Some further examples are
given in table 2.
Table 2. Examples of different descriptors and their descriptor states
DESCRIPTOR DESCRIPTOR STATES
Flower colour white, cream, yellow, orange, green, dark green, red, dark red
Collection source wild habitat, farm land, farm store, backyard, village market, commercial market,
institute, other
Altitude of collecting site continuously variable
Monthly rainfall continuously variable
Seed germinating in ripe fruit absent, present
Information is not the same as data although people sometimes use
the terms interchangeably. Information has meaning whereas data do
not. For example, what does “94g” mean – 94g of what? Table 3 high-
lights this essential difference.
Table 3. The difference between data and information
From table 3 you can see that when
DATA INFORMATION data are manipulated in some way, de-
scribed, or compared with other data,
94g The weight of a seed batch in the cold store is 94gsome sort of meaning emerges. This is
34mm The rainfall in June 1991 was 34mm
the essence of information – it has mean-
ing. Data can be recorded in a number
1324 Accession number 1324 of different ways, but the way you actu-
ally record the data can profoundly af-
67% The viability of a seed batch is 67% fect the usefulness of the information
brown The colour of seeds in a seed batch is brown
you retrieve. This is an important point
and we will be returning to it in Chap-
ter 5.
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2.2
Remember that the information is only as good as the data – if the
balance used in the genebank aren’t working properly, can you really
trust information on seed weight?
The use of information for genebank management
Much of the information acquired and generated by a genebank is
of interest and of value to the scientific community. Genebanks will com-
monly distribute their accessions together with relevant information such
as passport information and information obtained from characterisation
and preliminary evaluation trials. Information from specific studies will
often be published in reports, catalogues or journals.
Not all information produced in genebank activities is of interest to





Without a supply of up to date, accurate and reliable information, a
genebank cannot carry out any of its activities effectively – not even its
vital conservation work. Why is this?
A genebank only has limited resources (staff, equipment, experi-
mental plots) and limited time. The curator therefore has to set priorities
and decide which activities are more important than others at a particu-
lar time. Problems will arise if the wrong priorities or unrealistic objec-
tives are set. So, how does the curator set the right priorities? How does
the curator decide?
In all decision making, information is needed on which to base the
decision. Moreover, the information must be accurate, reliable and up to
date otherwise the wrong decision could be made.
Consider germplasm regeneration. Not all accessions can be regen-
Information
erated each season so the curator has to set priorities. Questions which
might be asked include:
Which samples must, at all costs, be regenerated?
Decision
ACTION
Which regenerations are less urgent?
What are the consequences of not regenerating certain samples?
To help answer these questions, the curator needs information about
seed stock levels, seed viabilities and how frequently particular acces-
sions are distributed. Only when this information is obtained can a wise
decision be made about regeneration priorities. Next, further informa-
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tion is needed to plan and organise the work. The curator would need
information on:
How many accessions are to be regenerated
How much land is required
Where the work will be carried out
How many accessions will be regenerated at each site
How many staff members are required to do the work
Which descriptors will be measured/observed
With this information the work schedule can be planned.
It’s clear that information plays an important role in the planning
and organisation of genebank activities. What would happen if the in-
formation were not accurate, or if it were out of date? The wrong deci-
sions could be made. If the wrong decisions were made when planning
regenerations, valuable germplasm might be lost.
2.3 The need for a documentation system
A genebank needs a constant supply of accurate, reliable and up to
date information to function efficiently. Where can it get this informa-
tion? The genebank would not use the human memory as the only source
of information as it’s not always completely reliable - people can easily
forget facts or confuse details. In practice, the genebank will rely on a
documentation system as a source of information to assist in the plan-
ning and operation of many genebank activities.
However, a documentation system isn’t only used for information
retrieval. It is also used for:
Data storage
Data maintenance (updating existing data)
Data processing and analysis
Data exchange
Genebanks differ from one another according to their activities and
how the activities are organised. Since documentation systems support
all these activities, it follows that the documentation systems operated
by separate genebanks will also be different. Many genebank documen-
tation systems do show some similarity in design and operation, but each
will be different as they are tailor-made according to the documentation
and information needs of the genebank.
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2.4 Desirable features of a documentation system
2.4.1 Data integrity
Information retrieved from a documentation system must be accu-
rate, reliable and up to date for it to be of value – otherwise what’s the
point of using the documentation system at all? You’ll have to think
carefully how the system can be designed and operated to facilitate main-
tenance of accurate information.
2.4.2 Fast information retrieval
If your system is well designed, retrieving information will be a
simple and straightforward process. If it isn’t well designed you may
spend hours, or worse still, not be able to supply the information at all! If
similar information is needed on a regular basis and it takes you several
hours to locate the information each time, you’re spending far too much
of your time on information retrieval. Remember – the documentation
system is working for you, not the other way round!
2.4.3 User-friendly operation
Data do not appear in a documentation system as if by magic - the
chances are that you or a colleague will have entered the data. In fact
you’ll be spending a fair amount of your time at the computer or writing
up forms so anything that reduces this workload is really helpful. It helps
enormously if the documentation system is user-friendly. A user-friendly
system can be used with the minimum of training. One of the common-
est problems with documentation systems is that they are difficult and
cumbersome to use. Remember – the documentation system is working
for you, not the other way round. If the documentation system is user-
friendly, you’ll find considerably fewer errors creeping in and the sys-
tem will be a lot more popular with other people.
2.4.4 Flexible operation
The documentation system should not be rigid in its operation. It
should be able to cope with different requests for information and ac-
commodate changes in genebank procedures. If a new curator was ap-
pointed, would the curator have the same information needs? Probably
not. If there were a change in genebank objectives or a new procedure,
would this affect the documentation system? Yes it would! Therefore,
you should try to anticipate information requests and changes in gene-
bank procedures as far as possible.
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2.4.5 Organisation of data
Data are not stored in a documentation system in a random, chaotic
way; if they were, maintenance of the system would be tedious and in-
formation retrieval would be impossible. Instead, the data are organised
into groups which are practical to use – practical for data recording, stor-
age and maintenance and practical for information retrieval. In a gene-
bank, practical groups are closely associated with genebank procedures
e.g. seed viability testing, characterisation of wild Arachis, and seed mois-
ture content determination.
Next time you go into a book shop, look at how the books are ar-
ranged. It’s unlikely that they will have been arranged in strict alpha-
betical order of the author’s name. It would be confusing (and irritat-
ing) to find cookery books, detective novels, atlases, biology text books
all mixed together. Usually they will be arranged according subject
area (e.g. fiction, non-fiction, reference) and then further organised
into alphabetical order. If it’s a large book shop, they have probably
sub-divided the major groups – fiction divided into crime, romance,
action, science fiction, childrens’ books and so on. The groups into
which the books have be organised are useful to the person buying
books - the person can easily find a book on a particular subject. If
the bookseller decided instead to arrange the books according to the
colour of the book covers, the books might look attractive on the
shelves but it wouldn’t be of much use to-the shopper!
Using this example, you can see how the different items (in this case,
books) can be arranged into practical groups. These groups are prac-
tical because some thought has been given to different peoples’ needs;
in this case, the need is for the subject of the book.
In a genebank documentation system, users needs must be taken
into account when organising data into practical groups. The groups
defined must be practical for data recording, storage and maintenance
and practical for information retrieval. Sometimes a group designed for
information retrieval is not always practical for data-recording, storage
and maintenance; this is particularly true of manual systems. Part of the
skill in designing a documentation system is to define groups which are
practical for all operations that are likely to be performed. Luckily, these
practical groups are usually associated with the genebank procedures
themselves. We will be looking more closely at genebank procedures
and how you can define these groups in the next two chapters.
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2.5 Stages in construction of a documentation system
The construction of a documentation system requires detailed analy-
sis and planning before the design of any manual forms and/or data-
bases. In fact the process should be heavily slanted towards detailed analy-
sis if a flexible and user-friendly system is to be implemented.
Six stages can be identified as follows.
2.5.1 Stage 1: Obtaining background information about the gene-
bank
Purpose: to gather essential background information on the set-up of the
genebank which will help define documentation objectives and facilitate
resource management.
In order to develop a documentation system tailored to the
genebank’s needs, you need to analyse the genebank’s set-up, and re-
sources with the full cooperation of other staff members. This will give
you essential information about the genebank from which you can later
develop documentation objectives. It will also help you make decisions
on how best to use available resources.
This analysis is covered in section 5 of this chapter.
2.5.2 Stage 2: Define documentation objectives
Purpose: to define priority areas for the documentation effort.
You need to have a clear idea of the areas of genebank work that
need documenting and the priorities for documentation. You should write
these down as documentation objectives and list them in order of impor-
tance. These objectives could include documentation of passport data,
inventory data, seed handling procedures, distribution data, characteri-
sation and evaluation trials. The objectives could also include dissemi-
nation of information.
Setting documentation objectives is easy if you are told by the gene-
bank curator which areas to cover and which areas are more important
than others. You’ll probably set more documentation objectives than you
can cope with at the same time – that’s why you have to make priorities.
It’s important that you identify the priority areas right from the start to
avoid problems later on.
Also, remember that it’s important to identify whether documenta-
tion of certain data is essential. Your time is precious so you don’t want
to spend time documenting unimportant data unless, of course, you like
creating unnecessary work!
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2.5.3 Stage 3: Analysis of genebank procedures
Purpose: to identify documentation requirements of each procedure and
the relations between different procedures
Having defined your documentation objectives you can start the
detailed analysis of relevant genebank procedures. This should explore
the resource requirements of each procedure, and the different types of
data which are generated or used in each procedure. This will help you
later on in deciding how best to handle the data e.g. the suitability of
computers and/or manual forms.
The analysis will show how the procedures relate to one another.
This information can be used to build up a flow chart showing the rela-
tionship between genebank procedures and information flow. This will
help you later on in deciding how best to handle the data and will help
you define documentation procedures.
The analysis will also give you an idea of the information require-
ments of the system. It’s useful if you can build up a list of questions that
are asked of the documentation system by the users. These questions
will help you later on in deciding how best to arrange the data in the
documentation system for flexible and effective information retrieval and
help you define documentation procedures.
This analysis is described in Chapters 3 and 4.
2.5.4 Stage 4: Identify meaningful sets of descriptors
Purpose: to identify meaningful sets of descriptors from the analysis of
procedures.
Much of the data you’ll be recording will be concerned with indi-
vidual genebank accessions. To facilitate the operation and maintenance
of the documentation system, you need to organise the descriptors into
practical sets. You can think of these sets as separate books, folders or
forms in a manual system or separate files in a computer system (e.g.
“characterisation of wild Arachis”, “ viability testing”). These sets are prac-
tical in terms of how data are recorded and used and practical in terms of
information retrieval. This is covered in more detail in Chapters 4 and 5.
2.5.5 Stage 5: Develop data formats and manual forms and/or
computer screen entry forms
Purpose: to develop formats for data which facilitate data recording and
flexible information retrieval and to develop manual forms and/or com-
puter database formats and screen entry forms that will be used at each
stage of the documentation process.
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2.6
An important task of the documentation specialist is the design of
manual forms and computer screen forms for straightforward data en-
try which minimise, the risk of errors creeping into the system. If these
forms are designed well, the accuracy of data entry is ensured. These
design considerations are covered in Chapter 6 (for manual systems)
and Chapters 8 and 9 (for computerized systems).
2.5.6 Stage 6: Develop documentation procedures and implement
the new system
Purpose: to develop documentation procedures to facilitate operation of
the system and to implement the system.
A documentation system can be well thought out and well con-
structed but not used unless there are clearly defined documentation
procedures and training is given in the use of the system. These consid-
erations are discussed in Chapter 6 (for manual systems), Chapters 8
and 9 (for computerized systems) and Chapter 10 (general considerations).
Where to go from here
You should now attempt the exercises in the following section which
test your comprehension of the concepts introduced in this chapter. When
you have successfully completed these exercises you should proceed to
the questionnaire. This questionnaire is designed to gather essential back-
ground information about your genebank which we’ll use in the design
of the documentation system.




Answer as many of the following questions as you are able. Refer
back to the text if you need assistance.
1. Indicate whether the following statements are true or false:
a . Germplasm is maintained in genebanks
b. All genebanks maintain seeds
c. All genebanks perform the same activities
d. Some genebanks maintain more than one collection
e. All genebanks maintain germplasm under long-term storage con-
ditions
f . Base collections are not used for distributing seed
g. Active collections contain actively growing plants
h. Field collections maintain field crops
i . The aim of conservation is to preserve the germplasm and its
characteristics
2. Explain why genebanks are set up and what they maintain.
3. Explain why genebanks differ from one another.
4. Review the different types of collections in genebanks with specific
reference to the storage conditions used.
5. Indicate whether the following statements are true or false:
a . Data are qualitative or quantitative values
b. Information on its own is meaningless
c. All documentation systems use computerized methods
d. Although not all documentation systems in genebanks are the
same, they should be
e. Information is used in making decisions
f. Documentation systems are only used for getting information
g. Documentation systems should be flexible in operation
h. Data in a documentation system should be user-friendly
i. Data in a documentation system can be organised into groups
6. What is the difference between data and information? Give examples
of each.
7. Why is it necessary to set priorities in genebank work?
8. Explain the role information plays in managing genebank activi-
ties.
9. Explain why documentation systems differ between genebanks.
10. Describe some desirable features of documentation systems. Explain
why these features are desirable.




11. Discuss how data are organised in a documentation system and
how this facilitates the use of the system.
12. Describe the different stages in construction of a documentation sys-
tem. What is the purpose of each stage?
Questionnaire: Obtaining background information on your
genebank
Purpose of the questionnaire
The purpose of the following questionnaire is to help you find out
essential background information about your genebank before you start
the detailed analysis of your genebank procedures in Chapter 4. Infor-
mation gathered here is of a general nature and will highlight areas for
further study in the detailed analysis. These include:
The activities that the documentation system might deal with
The need for operating a documentation system on more than one
site
The need for data exchange
The extent to which standard descriptor lists need to be used
Areas which need particular care with regard to the design of docu-
mentation procedures
If you work in plant genetic resources but do not work in a gene-
bank, you will still find it useful to go through this questionnaire as many
of the questions are relevant to your situation.
How to fill in the questionnaire
Set time aside to work thoroughly through this questionnaire and
analysis. The results will give essential input and recommendations for
the design of your documentation system.
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As a general rule, it’s important that staff members are consulted at
every stage of the analysis and design process. After all, these people
will probably be using the documentation system for recording data or
for information retrieval in the future. If they are consulted, they will feel
more directly involved and happier with the final documentation sys-
tem when it is eventually introduced.
You will find it useful to consult the curator when filling in this
questionnaire, particularly if you are fairly new to the genebank or you
do not know the answers to some of the questions.
The questionnaire is divided into three sections, each gathering in-
formation in the following areas:
1. Your genebank’s relation with other genetic resources programmes
2. Your genebank’s aim and areas of activities
3. Your genebank’s organisation
You should photocopy this questionnaire so that you have a sepa-
rate sheet to refer to as you work through the guidebook.
At this stage, you should not write anything in the right hand col-
umn headed “Analysis”.Use only the central area for your responses.
You will find an example of a completed questionnaire in appendix 1.





SECTION I:   YOUR GENEBANK’S RELATION WITH OTHER GENETIC RESOURCES PROGRAMMES






2. When was your genebank established?
In the planning stage
Less than a year ago
1-2 years ago
3-5 years ago
More than 5 years ago
3. Is there a national programme of plant genetic resources
activities in your country?
Yes or in the planning stage
No
A N A L Y S I S
A N A L Y S I S
A N A L Y S I S
4. Does your genebank collaborate with other genetic resource A N A L Y S I S
programmes in other institutes or genebanks?
Yes
No
SECTION II:   YOUR GENEBANK’S AIM AND AREAS OF ACTIVITIES
5. Summarise in a short phrase your genebank’s aim
[In this phrase try to explain what the genebank has been set up to achieve]
6 . Which of the following activities does your genebank
undertake? (tick as many as appropriate)
Germplasm collecting
Acquisition of new germplasm samples
Multiplication/regeneration of germplasm
Characterisation and evaluation of germplasm
Maintenance of germplasm
Germplasm health/quarantine
Dissemination of information on germplasm
Selection of germplasm for distribution
Research (e.g. germplasm enhancement, seed physiology)
Organisation of technical meetings/training workshops
7. In which form(s) is/are the germplasm maintained and
in which type of collection?
A N A L Y S I S
A N A L Y S 1 S















10. Is your genebank in an expanding phase?
Yes
No
11. Approximately how many samples do you distribute




A N A L Y S I S
A N  A  L  Y  S  I  S
SECTION III: YOUR GENEBANK’S  ORGANISATION
12. How does your genebank fit into the structure of A N A L Y S I S
your parent institute?
Genebank is independent of other projects but sometimes
works with other projects
Genebank is independent of other projects but works
closely with other projects
Genebank is part of another project
Other (please specify)
13. Does your genebank work on a collaborative basis A N A L Y S I S





If the answer to question 13 is “no, never”, go straight to question 17, otherwise complete questions 14 & 15.
14. How is the work organised at the different research stations?
By your genebank
In consultation with your genebank
Independently of your genebank
A N A L Y S I S
15. Do the different research stations operate, or plan to operate,
documentation systems?
A N A L Y S I S
Yes
No
If the answer to question 15 is “no”, go straight to question 17, otherwise complete question 16.




17. Which of the following statements most accurately A N A L Y S I S
describes the organisation of duties at your genebank?
People do not have clearly defined duties and share
duties on a day to day basis
People have clearly defined duties but there is a regular sharing
of duties on a day to day basis
People have clearly defined duties but perform other duties
when necessary
People have clearly defined duties with little or no sharing of duties
18. In which areas is there usually a sharing of duties? A N A L Y S I S
Indicate the approximate number of people involved
Number:
Germplasm collecting





Seed moisture content testing
Seed viability testing
Seed packing and storage
Distribution of germplasm
Multiplication/regeneration of germplasm
Dissemination of information on germplasm
Selection of germplasm for distribution
Characterisation and evaluation of germplasm
Research (e.g. germplasm enhancement, seed physiology)
Organisation of technical meetings/training workshops
19. In which areas is there usually backlog of documentation work? A N A L Y S I S
Indicate the extent (e.g. small, medium, large)
Extent:
Germplasm collecting





Seed moisture content testing
Seed viability testing
Seed packing and storage
Distribution of germplasm
Multiplication/regeneration of germplasm
Dissemination of information on germplasm
Selection of germplasm for distribution
Characterisation and evaluation of germplasm
Research (e.g. germplasm enhancement, seed physiology)
20. What are the genebank’s documentation priorities?
Indicate the degree (e.g. low, medium, high)
Degree:
Germplasm collecting





Seed moisture content testing
Seed viability testing
Seed packing and storage
Distribution of germplasm
Multiplication/regeneration of germplasm
Dissemination of information on germplasm
Selection of germplasm for distribution
Characterisation and evaluation of germplasm
Research (e.g. germplasm enhancement, seed physiology)
Organisation of technical meetings/training workshops
A N A L Y S I S
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5 Analysis of the questionnaire
Now that you have completed the questionnaire, you are in a posi-
tion to analyse your responses to the different questions. Work through
the following analysis section, referring to the responses you have given
to each question. Any conclusions you make or ideas you have, should
be noted in the right hand area of your form, headed “Analysis”. This
will provide you with a concise record of your responses to these impor-
tant questions about your genebank, an interpretation of your responses
and suggestions for how they can be used in the design of your docu-
mentation system.
You will also find it helpful, when you reach Chapter 4, to transfer
any comments that refer to specific genebank procedures to the forms
that are supplied there for the analysis of procedures.
ANALYSIS - SECTION I: Y OUR GENEBANK'S RELATION WITH OTHER GENETIC RE-
SOURCES PROGRAMMES
1. Which category does your genebank fit into?
The answer to this question will help determine the size and so-
phistication of the documentation system needed and identify whether
you need to consider data exchange facilities. National, regional and in-
ternational genebanks commonly operate on a larger scale than institu-
tional genebanks. They therefore have a greater need for computerized
documentation systems capable of data exchange with other plant ge-
netic resources programmes.
2. When was your genebank established?
Generally speaking, the older the genebank, the more established
the activities and procedures. Procedures which are firmly established
are generally easier to document than those which are under develop-
ment. Therefore, if the genebank is newly established or there are areas
under development, greater care needs to be taken when analysing pro-
cedures and developing the documentation system.
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3. Is there a national programme of plant genetic resources activities in your country?
4. Does your genebank collaborate with other genetic resource programmes in other insti-
tutes or genebanks?
If the answer to either of these questions is “yes”, you should inves-
tigate the need for data exchange and the adoption of common data for-
mats by the different collaborators. Think about standardising descrip-
tor lists, coding systems, software and system structure. Find out how
other genebanks manage their documentation. Do they currently run
manual or computerized systems?
ANALYSIS - SECTION II: YOUR GENEBANK’S AIM AND AREAS OF ACTIVITIES
5. Summarise in a short phrase your genebank’s aim
6. Which of the following activities does your genebank undertake?
The answers to these questions will tell you about the main focus
and direction of the genebank’s work and the activities which have to be
addressed when designing the documentation system.
7. In which form(s) is/are the germplasm maintained and in which type of collection?
Each collection of germplasm will be managed quite separately and
have different documentation requirements to the other collections. Each
collection of germplasm should therefore be analysed separately and
treated as a separate section of the documentation system (e.g. by the
use of separate files, procedures etc.).
8. How many accessions are maintained by your genebank?
9. How many different species are held?
10. Is your genebank in an expanding phase?
The answers to these questions will help you determine the need
for a computerized documentation system. In general terms, when a
genebank has between 100-500 accessions, a computerized system is
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desirable; between 500-1,000, it is highly desirable; more than 1,000, it is
essential.
The number of species also needs to be taken into account when
making this assessment. Collections maintaining single species or crops
are the most straightforward to manage and document. Where there are
several species, these should be analysed separately and be treated dif-
ferently in the documentation system as appropriate. Therefore, the
greater the number of species, the greater the potential complexity of the
system, so the greater the need for a computerized system.
If the genebank is in an expanding phase, the documentation sys-
tem should be flexible enough to cope with the future changes. An in-
creasing workload suggests a greater need for a computerized system.
11. Approximately how many samples do you distribute in a typical year?
Genebanks need to keep, track of where germplasm samples are
being sent. When this number is fewer than 100 per year, a manual sys-
tem or a simple inventory manager is usually quite adequate. However,
when this number is larger, a more sophisticated inventory manager is
needed (usually computerized) to keep details of recipients, distribution
dates etc., for future analysis.
ANALYSIS - SECTION III:  YOUR GENEBANK’S ORGANISAIION
12. How does your genebank fit into the structure of your parent institute?
The purpose of questions 12-16 is to determine the possible opera-
tion and organisation of the genebank documentation system.
Your genebank might be part of a larger organisation where there is
a documentation effort-in existence. If this is true, your documentation
system may have to comply with existing documentation standards. Al-
ternatively, your genebank may have close links with other projects or
departments whose activities require documentation in your documen-
tation system.
If your genebank is completely independent, then a documentation
system totally specific your needs can be developed.
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13. Does your genebank work on a collaborative basis with other research stations? (e.g. for
the purposes of regeneration or evaluation of accessions).
If the answer to this question is “yes”, you should investigate more
thoroughly the mechanisms of data exchange and the possibility of op-
erating a similar documentation system at each research station.
14. How is the work organised on the different research stations?
If work at other sites is organised by your genebank, you should
look closely at the different activities taking place. Assess the documen-
tation and information needs, of the other research stations, paying par-
ticular attention to information that is needed to plan activities and man-
age resources.
15. Do the different research stations operate, or plan to operate, a documentation system?
If the answer to this question is “no”, then you will probably oper-
ate a single documentation system based at your genebank.
16. Is the documentation system being developed independently of your genebank?
Where possible, common standards should be used in the design of
the different systems. This includes the same descriptor lists, coding sys-
tems, software and basic system structure. Common standards will help
in the future exchange of data between the research stations.
If answer to this question is “no”  the Dossibility of operating a simi-,
lar documentation system at each research station should be investigated.
If the answer to this question is “yes”, do not feel that the design of your
documentation system needs to be identical to that of other existing or
planned systems. However, the ability to exchange data should be made
a priority and allowed for in any system design: First of all, determine
your own documentation and information needs and then (and only then),
assess the other systems to determine whether they are suitable for your
requirements.
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17. Which of the following statements most accurately describes the organisation of duties
at your genebank?
In general, if people have clearly defined duties which are not shared,
it will be easier for you to design, implement and operate documenta-
tion procedures. Responsibilities for performing specific procedures can
be allocated more easily. It will also make the process of assessing your
documentation and information needs much more straightforward.
18. In which areas is there usually a sharing of duties?
19. In which areas is there usually a backlog of documentation work?
20. What are the genebank’s documentation priorities?
Where there is a sharing of duties, the design, implementation and
operation of documentation-procedures must be studied in great detail.
For instance, if you designed a manual form for recording data, it would
cause problems if several people needed to use it at the same time. It is
also essential to develop a standard method for performing each docu-
mentation procedure and to ensure that anyone who will be involved in
the procedure is aware of this. We’ll return to this subject in Chapters 6
and 10.
Indicating a relative priority for the documentation of each of the
different procedures will help you to identify the actual need for docu-
mentation. High priority procedures will also have greater influence on
how the system is structured. Prioritising will help you plan the imple-
mentation of the new system once it has been designed. Don’t worry at
this stage if you don’t know the relative priorities of different proce-
dures, as this will become clearer when we start to look at the genebank
procedures themselves in Chapter 4.
Identifying areas where there is a backlog in documentation will
alert you to procedures where large amounts of data are generated, ex-
isting documentation procedures are time-consuming and/or responsi-
bility for documentation of a particular procedure has not been allocated
wisely. Establishing the cause of any backlog will indicate areas you need
to give careful thought to when planning the implementation of your
documentation system. Also, you will save yourself a lot of time if you
implementdocumentationproceduresbeforeyou clear any backlogof
work. So, when we start to analyse the genebank procedures in Chapter
4, look carefully at the areas you have indicated to discover the scale of
the backlog and when it is likely to be cleared.
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Chapter 3
Information processing in genebanks
Chapter 3 highlights the use of accession numbers, batch references and
scientific names for relating data together to build the genebank docu-
mentation system and describes the central role played by genebank
procedures in the generation and processing of information. When you
have finished this chapter you will be able to:
Define accession-specific data and group data
Discuss the use of accession numbers, batch references and scien-
tific names in relating data together
Explain why procedures are operated
Classify genebank procedures as operational or scientific
Discuss the handling of comments in documentation systems
Discuss the design considerations when constructing a flow chart
1 Relating data together from different activities
The data that are generated and used in a wide variety of genebank
activities will fall into two main categories: accession-specific data and
group data.
Accession-specific data concern individual genebank accessions. Most
of the descriptors you use will be for accession-specific data such as seed
moisture content, % viability, weight of seed, 1000 seed weight, plant
height, seed colour and so on.
Group data concern groups of accessions. For instance, you’ll find
data referring to particular species (e.g. equilibrium moisture contents,
viability test methods, regeneration procedures, methods for determina-
tion of moisture contents, etc.). You’ll also find data relevant to many
genera and species such as parameters for modified sequential germina-
tion testing.
These categories of data will be handled quite differently in your
documentation system. In this guidebook, we’ll be principally concerned
with building a documentation system for accession-specific data since
these data are important for genebank management.
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Accession numbers, batch
references and scientific
names are used as the ba-
sis for building up the
documentation system
How can you relate together and co-ordinate all the different acces-
sion-specific data in your documentation system? You need to use the
accession numbers, their batch references (where appropriate) and their
scientific names as the basis for building up the documentation system.
As these are fundamental to the management of the genebank and the
documentation system, it’s worth examining them more closely.
1.1 Importance of the accession numbering system
Each genebank accession will have its own, unique accession num-
ber which distinguishes it from all other accessions in the genebank. If
an inappropriate numbering system is used or if none is used at all, the
consequences are serious: it will cause confusion, create much unneces-
sary work through mistakes being made and ultimately lead to loss of
valuable germplasm.
If you don’t already have an accession numbering system in opera-
tion at your genebank, what sort of system should you use to facilitate
management of the genebank and the operation of the documentation
system? You need to use a system which is simple and practical to use.
Remember that you’ll be writing accession numbers in several places,
whether on forms or in reports; or entering the numbers in the com-
puter. If the accession numbers are long or complicated, it makes their
recording much more prone to error. If errors are made recording the
accession numbers, the consequences can be disastrous. Therefore, ke p
the numbering system simple!
The simplest and most practical approach is discussed in the fol-
lowing sections.
1.1.1 Use a strictly numeric system which is sequential in
operation
It should start at “1” and then increase as each new accession is
received i.e. “2”,“3”, “4” and so on. So that you don’t confuse the acces-
sion numbers with any other numbers, you’ll add your genebank acro-
nym to the number. For example, if the acronym of your genebank is
“EGRU”, the accessions will be labelled EGRU 1, EGRU 2, EGRU 3 and
so on.




Do not incorporate additional information in the accession
number
The accession number should be used for uniquely identifying the
accession and nothing else. Don’t try to incorporate additional informa-
tion such as the year of deposit or a crop code into the number – it might
cause confusion later on.
Use only one numbering system
Operate a single numbering system which is used for ALL acces-
sions.
Since the accession numbering system is such an important concept
for managing the genebank and operating the documentation system,
it’s worth looking at the consequences of using inappropriate number-
ing systems.
Do not use the depositor’s designation
If you only have a small genebank, you have might considered us-
ing the depositor’s designation as the basis for your accession number-
ing system rather than devising your own system. This approach can
cause serious operational difficulties in your genebank and should not be
attempted.
Suppose you receive an accession with the number 240ß-1D. In the next month
you might receive a number of accessions labelled: ZP414, 240-2, Três Marias, C3P-
0, 240, Parson Thirdly, 240, RB12. However, during the genebank accession pro-
cedures the technician can’t quite read the writing on the seed packets so240 is
written as E240, 240ß-1D as 240B-lD, Três Marias as Tras Manas, 240as 240a and
so on. The mistakes aren’t noticed until much later when you’re looking in the cold
room for accession “Três Marias”. You’ve been looking round for sometime but all
you can find is something called “Tras Manas”.I  it the same accession? You spend
another hour going through the records and asking the technician. You come to the
conclusion that it is the same accession. Well it probably is...
As illustrated in this example, mistakes can easily be made in writ-
ing the depositor designations and the mistakes are not easily noticed.
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1.1.5 Do not use the germplasm collector’s number
If your genebank is quite small but all your accessions are received
from collecting missions you might consider using the collector’s num-
bers as accession numbers. As in the previous section this approach should
not be attempted.
You might receive a series of accessions from a collector which are labelled LG1,
LG2, LG3 and so on. The next batch of accessions are from a different collector and
they’re labelled AB22, AB23, AB24 and so on. So far, so good. Six months later, the
first collector deposits some more germplasm samples labelled LG1, LG2, LG3 and
so on. They’re not the same germplasm samples as the first batch as they were col-
lected from a different region. What do you do now?
1.1.6 Do not use a different numbering system for each crop
Genebanks which maintain very large collections of germplasm
sometimes operate separate but sequential accession numbering systems
for each crop. If you maintain many different crops or only work in a
small to medium sized genebank, this approach is not recommended.
Suppose your genebank maintains about a thousand accessions of a few crops,
say Capsicum, Lycopersicon, Hordeum, Arachis, Vicia and Pinus and that each crop has
its own sequential and numeric accession numbering system. So for Capsicum the
numbering system is CA1, CA2, CA3 . . .for Arachis it’s AR1, AR2, AR3 and so on.
This system seems to work for several months. Then the curator decides to accept a
collection of pigeon pea, Cajanus. What numbering system do you use for this? You
can’t use “CA” because that’s already being used for Capsicum. So you might decide
to use “CAJ” instead. A few months later, the genebank manager decides to accept a
modest sized collection of forage legumes comprising many different genera and
species, perhaps only 10 of each species. You suddenly realise that you-have 20 or
more separate numbering systems in operation.
This situation is clearly undesirable. In most cases it’s far simpler to operate a
single, sequential and numeric accession numbering system.
1.1.7 Do not use a “reserved” numbering system
You might consider using a single accession numbering system but
“reserve” numbers for particular crops, for instance 1 to 100 for barley,
101 to 200 for wheat, 201-300 for Triticale and so on. This system can
cause a number of operational difficulties in the long run and should not
be attempted.
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Using the reserved numbers (1 to 100 for barley, 101 to 200 for wheat, 201-300
for Triticale and so on), consider what would happen if you reached 100 for the
barley accessions. You might reserve numbers 501 to 600 for further barley acces-
sions. The same situation might arise for other crops. After a few years you may
have some 40 “reserved” numbers in the genebank and nobody (not even yourself)
can remember what the different reserved numbers actually refer to. Also you can’t
help wondering whether the gaps in the seed store are because there are some num-
bers yet to be allocated or whether some seed packets are missing...
Clearly, if you are going to use a single, numeric accession number-
ing system, it’s so much easier if it’s strictly sequential: it starts at “1” and
continues.
From these examples you can see that the accession number is a
unique identifier which distinguishes one accession from another and
you can see the advantages of having a single accession numbering sys-
tem which is numerical and sequential. The only occasion when more
than one numbering system is justified is when the purpose of the col-
lection is different from the main collection, such as a temporary in-house
collection or a reserved and “restricted distribution” collection. If most
of the in-house collection end up in the main genebank collection then
even this in-house numbering system is unnecessary. Circumstances will
tell you if such separate numbering systems are necessary.
Remember that any accession numbering system should be oper-
ated carefully to prevent any errors from occurring. An important rule
NEVER re-use an
which should not be broken is that an accession number should neverbe
accession number
reused, even if an accession is lost for any reason or dies on storage. Even
though the accession is lost, there will still be information about it in the
documentation system and in printed reports, catalogues, scientific pub-
lications. Also, you might have distributed the accession to outside users
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– just think of the confusion that would be caused if you subsequently
used the accession number for a different accession. So, keep it simple.
Give each new accession a new accession number.
1.2 Importance of the batch reference
Definition BATCH REFERENCE
Any date, code or number which uniquely identifies the regenera-
tion cycle of the accession.
Examples of batch references are given in table 1.




When handling and documenting genebank accessions, it is com-
mon practice to record the batch reference of each accession along with
any other data. Why is it so important to record it so routinely?
When a genebank receives a sample of germplasm, say from a col-
lecting mission, the accession is not genetically uniform – it contains a
certain amount of variability which might be detected in a characterisa-
tion trial. Each time the accession is regenerated there is a chance that the
Season and year














The precise date on which regeneration was started
(sowing date, germination date, etc.)
The month and year in which regeneration was started.
Not precise enough for in vitro subculturing which can
be in frequent intervals
The season and year in which regeneration was
performed. Not precise enough for in vitro subculturing
The reference to where the accession was regenerated in
the field together with the year of regeneration.
Inappropriate for in vitro subculturing
The 6th or 12th time the accession has been regenerated.
A drawback is that there is no indication when the
regeneration took place
Used in in vitro collections to show the pedigree of the
batch. This is discussed in chapter 4, section 4
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natural diversity of the accession will be affected (see fig. 1). It’s impor-
tant therefore that whenever an accession is used for any purpose, a record
is kept of which batch reference is used so that any data generated can be
related to specific batch references.
Batch 1 Batch 2
Fig. 1. Two dif ferent batches of the same accession of Solanum melongena (aub-
ergine) that show variation in fruit shape and size
For instance, if there were any differences between characterisation
trials using the same accessions, these differences might be because:
a. Different characterisation conditions were used
b. The trials used different batch references of the same accessions
C. A combination of these effects
When you documented the different trials, you wouldn’t mix data
from the different trials; you’d document them separately for the sake of
accuracy, recording the batch references for all the accessions used. Simi-
larly, if you were distributing accessions, you’d want to know precisely
which batch references of the accessions were being distributed in case
there was a query some time in the future.
How do you choose which sort of batch reference to use – season
and year, sowing date, field number and year? Remember that it should
uniquely identify the regeneration cycle – it should not be possible to
confuse it with any other regenerations of the same accession. So, for in
vitro work, the month and year as a batch reference would be inappro-
priate if you were subculturing, say, every 3 weeks. You will also want
to choose one which is straightforward and easy to record. For many
people, a batch reference based on a date fulfills these requirements. It
has the added advantage of indicating the approximate age of a sample
which can be useful in many management activities.
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1.3 Importance of the scientific name
When you publish any of your genebank data in papers, reports or
newsletters or exchange germplasm and information on germplasm, you
will have to use the scientific name instead of (or in addition to) the crop
name. The scientific name is an internationally recognised Latin name for
the crop and facilitates the collation of information on a species from many
disciplines. The crop name by itself is not usually sufficient as it varies so
much from country to country. For instance, the following crop names all
refer to the same crop, Secale cereale: rye, centeio, Roggen, centeno, seigle,
barakka, çavdar (see fig. 2). It’s usually more convenient to use the crop
name for every day use but you need the up-to-date scientific name for
all publications and communication with other genebanks and genebank
users. Often you will have to quote the authority for the species (e.g. S cale
cereale L.). This is particularly important for those taxonomic groups where
there are re-classifications and changes in nomenclature. For this reason,
many genebanks routinely record this information in their documenta-
tion system.
PASSPORT DATA DATOS DE PASAPORTE DONÉES DE PASSEPORT
Accession number: EGRU 1026 Numero de accesión:SBD 694
Cultivar name: rye Nombre del cultivar: centeno
Scientific name: Secale cereale L Nombre científico: Secale cereale L
Numéro d’introduction: ICNR 2026
Nom de cultivar: seigle
Nom scientifique: Secale cereale L
Fig. 2. The scientific name can identify a crop when working in different languages
(as illustrated with English, Spanish and French in this example)
2 Introduction to procedures
Genebank procedures are at the heart of data generation and pro-




The management value of data produced
Information requirements from the documented data
The need and priority for documenting data




Before we look at data generation and processing, it’s worth look-
ing in general terms at procedures so that you can understand why they
are performed and, at a later stage, develop procedures yourself that
will be used in the documentation system.
What is a procedure?
A procedure is a sequence of actions which collectively accomplish
a desired task. You probably have several procedures in your genebank
which are routinely followed. These might include seed-handling proce-
dures (e.g. sample registration, seed drying, viability testing, seed pack-
ing and seed distribution) and documentation procedures (documenta-
tion of characterisation data, production of reports). All of these proce-
dures consist of a series of step-by-step instructions which, when fol-
lowed correctly, perform a desired task.
It should be emphasised that if it’s not clear what is being achieved
in the procedure (and why the procedure is being performed in the first
place), the chances are that mistakes will be made performing the proce-
dure and that documentation of data generated and used will be diffi-
cult. It’s as simple as that!
Procedures simplify working practices
Procedures are set up:
To perform a specific task
To simplify the task for the person performing it and the person
managing it.
It’s much easier if people follow the same procedures in the gene-
bank as it reduces any confusion and is an effective use of available re-
sources. Just imagine the confusion that might arise in a large seed han-
dling unit if everyone had their own special way of carrying out seed
viability tests: would the results be reliable? Would everyone make opti-
mum use of their time and the equipment available? Probably not!
Availability of human and physical resources
When designing a procedure, careful thought is given to what is
being achieved and how best to perform the task with the human and
physical resources available. There’s more than one way that the task
can be performed and therefore more than one procedure that can be
designed to do it – not all of these will be practicable however – a lot
depends on the resources in the genebank. It follows also that proce-
dures may differ between genebanks, each procedure being designed
according to the genebank’s needs.




Badly designed procedures create more work
If a procedure has been badly designed or is missing altogether,
there can be a lot of confusion and mistakes can easily be made. This will
inevitably create more work in the genebank – correcting mistakes which
should have been avoided in the first place. You can imagine the mis-
takes that might be made if there were no clear procedures for seed dry-
ing and seed moisture content determination – the tasks would be diffi-
cult to perform and valuable seed would probably be lost.
Data generation and use in procedures
Classification of procedures
It’s useful to classify genebank procedures into two major classes:
operational and scientific.
Operational procedures are concerned with the day to day operation
of the genebank. These include: sample registration, seed cleaning, seed
moisture content determination, seed drying, seed viability testing, seed
packaging, seed storage, seed monitoring and seed distribution.
The data produced in these procedures are of vital importance for
the management of genebank’s collections and therefore the continued
viability of the germplasm. As these data are so important, a high priority
is usually given for their documentation.
Data from operational procedures tend to be dynamic, that is, they
need to be updated at a later date. For instance, seed viability will de-
cline on prolonged storage; the amount of seed in store will decrease
over time as seed is used in the genebank or sent to other scientists. If the
information retrieved from the documentation system is to be of any
use, it’s important that these data are kept up to date.
Scientific procedures generate data which are of potential interest to
those working outside the genebank. Examples of scientific procedures
Examples of scientific include anything to do with germplasm characterisation and prelimi-
procedures include: nary evaluation. Unlike operational procedures, information from scien-
germplasm characteri- tific procedures tend to be stable. For instance, characterisation data once
sation and preliminary recorded are unlikely to change, say, after a year or so. Since the infor-
evaluation mation is of interest to others, you’ll have to think of ways of communi-
cating this information to other scientists using your documentation sys-
t e m .
In most genebanks, a higher priority is given for the documentation
of operational procedures than for scientific procedures, as data from
scientific procedures are not used for the day-to-day management of the
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3.2 Relationship between procedures
Table 2. Features of operational and scientific procedures
Operational
procedures
RELATIVE MANAGEMENT RELATIVE PRIORITY RELATION TO OTHER UPDATING OF DATA
VALUE OF DATA FOR PROCEDURES REQUIRED?
PRODUCED DOCUMENTATION




Low Low Usually stand-alone Not usually
genebank. This does not mean that all data produced in operational pro-
cedures need to be documented. Nor does it mean that scientific proce-
dures do not need to be documented at all.
We can summarise some of the features of operational and scientific
procedures in table 2. Some of the features are discussed in greater detail
in later sections.
Scientific procedures Scientific procedures are usually “stand-alone”, that is, they can be
are usually “stand- performed independently of other procedures. A good example is a char-
alone”. Operational acterisation trial.
procedures are usu-
ally dependent on, (or
By contrast, operational procedures are usually dependent on, (or
related to), other gene-
related to), other genebank procedures. Such procedures form part of a
bank procedures
chain and are always performed in sequence. An example of a chain of







Fig. 3. Operat ional procedures performed in a specif ied sequence
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3.3
3.4
In this example, seed packing would not be carried out unless the
seeds had been dried and found to be of a sufficient viability to store.
Operational procedures often form part of a chain of procedures
but can operate independently, e.g. viability testing, regeneration, seed
distribution. For example, seed viability testing is a routine part of the
overall accessioning of a sample as well as a procedure used for monitor-
ing batches in the seed store.
For the genebank procedures which are related you should con-
struct a flow chart showing in which order they are performed. Flow
charts are a useful way of getting an overall picture. Once the chart has
been constructed, the information flow becomes clearer as well. We’ll
look at flow charts later in this chapter.
Time scale
You’ll need to know how much data are being handled over a given
period so that you can make decisions about the most appropriate way
to document them. It may be that a procedure generates a lot of data but
is only performed once a year (e.g. a characterisation trial). Alternatively
a procedure may produce few data but is performed regularly (e.g. mois-
ture content determinations).
The management value of data generated
When documenting operational procedures, the question that needs
to be asked is “What is the management value of these data?” In order to
answer this question you have to understand why the procedure is be-
ing performed. You also have to assess the need for the data to be docu-
mented. Remember that the documentation system will provide infor-
mation at a later stage, usually in response to questions. If you have a
clear understanding-of the purpose of the procedure and the sorts of
questions that will be asked later on, it’s much easier to identify those
data which need documenting and the best way to document them.
For instance, a genebank procedure for seed viability testing is per-
formed to obtain data on the seed viability of particular seed batches.
Clearly, these data need to be documented so that future decisions can
be made on regeneration priorities using information from the docu-
mentation system.
The difficulty arises where the procedure is not performed with the
aim of generating data but data, nevertheless, need to be documented. A
good example is seed distribution – the aim is to distribute seed but data
need to be recorded on how much seed is sent, the date it is sent and to
whom it is being sent. In the next chapter we’ll be looking more closely
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at the different genebank procedures and the information requirements
of the data once documented.
3.5 The number of comments recorded
There will always be occasional observations that are made during
genebank procedures which might be important (now or in the future)
which you’ll want to document but which don’t fit into any of the groups
that you define. These comments are particularly common in newly es-
tablished or developing procedures. However, even the most established
procedure should have room for these miscellaneous data.
Sometimes comments can be a source of useful information but they
are a problem to handle effectively because they can be something of an
unknown quantity – they need not refer to the same subject, they are not
regularly made, they are not widely made across the same crop and they
have no predictable structure. When comments are widely and regu-
larly made on the same subject, there comes a point when they should
be incorporated in the documentation structure as a separate item.
If many comments are recorded in the procedure you should ask
yourself the following questions:
3.5.1 Is the objective of the procedure clearly defined?
Sometimes the reason why so many comments are made during the
procedure is that the objective of the procedure is not focussed enough.
In this case, the user will note down anything that comes to mind in an
unstructured way. If the objective of the procedure is clearly defined
then it’s easier to identify the data that need documenting.
3.5.2 Is the procedure under development?
If the answer is “yes” it may be that the data generating areas are
changing or that there are changes in the working practices.
3.5.3 Are the appropriate descriptors being used?
It may be that certain descriptors are missing or the descriptors used
are inappropriate for the observations that are being made. For instance,
the descriptor “Herbage yield at 3 weekly intervals” could not be used if
measurements were made every 4 weeks.




It’s important to make the distinction between procedures which
are labour intensive and those which are documentation intensive. Re-
member that some procedures might be lengthy or labour intensive but
not actually produce much data which need documenting. Many opera-
tional procedures are like this (e.g. seed cleaning).
If data recording/analysis is a major use of time, the procedure is
documentation intensive. You’ll have to spend time making sure that
the documentation procedure is an integral and efficient part of the overall
procedure and that it assists, rather than hinders, the users. This is the
case in scientific procedures such as characterisation trials where much
field work is done; many observations are recorded in the field and then
formally documented in the laboratory. Where more than one person is
involved, the procedure will work most efficiently if there is a clear idea
of each person’s responsibilities and who is in charge. This too will help
the documentation process if documentation is an integral part of the
genebank procedure.
Construction of a flow chart
Flow charts are essentially a visual aid to help the user get an over-
all picture of the different steps of a procedure and the different relation-
ships involved. During your genebank analysis, you may find it useful
to construct a flow chart for each procedure showing the different steps
of the procedure, the decisions made at each step and any data used/
generated. You can also construct a flow chart or a table showing the
relationship between different genebank procedures.
There are several ways to construct a flow chart. A flow chart for a
procedure could be constructed as follows:
1. List each step of the procedure in sequence vertically down the page
with the decisions (if any) made at each step
2. Next to this list the data/information used or generated
An example of this type of flow chart is given in fig. 4, section 4.2.
A flow chart showing the relationships between procedures can be
constructed as follows:
1. Arrange related procedures in sequence vertically down the page
and next to each procedure name, briefly list:
(a) the goal of the procedure
(b) the data/information used or generated
This type of chart can also take a tabular form, as illustrated in table
3, section 4.3.
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4.1 Other considerations
Don’t make the mistake of trying to incorporate all genebank proce-
dures on a single flow chart – only include those procedures which are
related. Make additional flow charts to show different relations.
Keep the flow chart simple – you should be able to make some sense
of the chart when it is finished. Remember that you make flow charts to
clarify the procedures and their relationships, not make them more com-
plex or obscure.
Genebanks follow different procedures to accomplish essentially the
same task. The following examples are not therefore supposed be direc-
tions on how to perform the procedures – make your own version to suit
your genebank!
4.2 Example 1: Sample registration procedure for new acces-
sions
This procedure can be described as follows:
“Seed samples for inclusion in the genebank are received from the
depositor and placed in a temporary store. A check is made to ensure
that the genebank does not already have these accessions from another
source. If any of the samples already exist in the genebank, a decision is
made on the fate of the sample (e.g. return the samples to the depositor).
The samples for inclusion are arranged in order of depositor number
and each given an accession number in a sequential fashion. These ac-
cession numbers are written on the seed packets as well as any docu-
mentation that was supplied with the seed packets.
Next, each packet of seed is opened to check that they are in good
condition and that there are no damaged, broken, empty, shrivelled seeds
or signs of infestation by fungi or insect pests. If the seeds are not in
good condition, further tests are performed. If the seeds are in good con-
dition, the registration procedure is continued and all passport data (in-
cluding any characterisation data) documented using the genebank ac-
cession numbers.”
The different steps can be summarised on a flow chart in fig. 4.
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Seed samples are received and placed
in temporary store
Are samples already present in genebank?
Decide fate of sample(s)
Assign accession numbers
Check condition of seeds
Are seeds in good condition?
Perform further tests
Continue with registration procedure
Document passport/characterisation data
using accession numbers
Fig. 4. Example of the steps in sample registration for new accessions
Example 2: Sequence of procedures performed on receipt
of seed sample
Table 3 summarises a sequence of procedures in the order that they
are performed. The decisions that are made at each step are not included
on this summary chart.










Sequence of procedures performed on receipt of seed sample
ACTIVITY
Allocate accession number
Clean seed, remove debris
Dry seed to acceptable
moisture content
Check that seed has high
viability
Securely pack dry seed and
store to ensure long term
viability





Comments on sample health






Date of next test
Weight of seed
% viability
Minimum weight of seed allowed
Date of next viability test
Moisture content
Location in store
Once you have satisfactorily completed the exercises given in the
next section, you’ll be in a position to start the detailed analysis of the
procedures that are used in your genebank. This analysis is covered in
the next chapter.
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6 Exercises
1. Indicate whether the following statements are true or false:
a. Most accession-specific data are the same
b. Group data are concerned with groups of accessions
c. Group data are handled in the same way as accession-specific
data
d. The accession number uniquely identifies a crop
e. The accession numbering system should be strictly numerical
and sequential in operation
f. A different accession numbering system should be used for each
crop
g. An accession number should never be re-used, even if an acces-
sion dies on storage
h. The scientific name of a crop varies from country to country and
should not be used
i. The accession numbers, batch references and scientific names
are used for relating data together and building the genebank
documentation system
2. Distinguish between accession-specific data and group data. Give
examples of each.
3. Why is a higher priority given for the documentation of accession-
specific data over group data?
4. Review the different approaches to accession numbering systems.
Which system is the simplest and most practical to operate?
5. Explain why it is necessary to record the batch reference routinely
in the documentation system.
6. Indicate whether the following statements are true or false:
a. A procedure is a series of actions which collectively accomplish
a desired task
b. All genebanks follow the same procedures for particular tasks
c. Operational procedures usually generate data of a high man-
agement value
d. Data from operational procedures tend to be stable and do not
usually need to be updated
e. Operational procedures can often form part of a chain of proce-
dures
f. Procedures which are labour intensive are also documentation
intensive
g. If a procedure generates many comments it is possible that the
procedure is badly designed
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h. Flow charts are used for showing the different steps of a proce-
dure and the relationship between different procedures
i. Flow charts should be constructed to contain as much informa-
tion as possible
7. What are the benefits of operating a well-designed procedure?
8. Distinguish between operational procedures and scientific proce-
dures. Give examples of each.
9. Why is a high priority given for the documentation of data pro-
duced from operational procedures?
10. Explain why flow charts are used and how you can design them.
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Chapter 4
Analysis of data generation and use in
genebanks
Chapter 4 will look in greater detail at many of the commonly performed
genebank procedures with regard to data generation and use. When you
have finished this chapter, you will be able to:
Discuss the aims and activities of commonly performed genebank
procedures
Discuss the relation of each procedure to other procedures
Identify the data produced and used in each procedure
Describe ways of saving time in documentation for each procedure
1 Introduction
In this chapter we’ll be looking more closely at commonly performed
genebank procedures with regard to data generation and use. We’ll be
looking at the reasons for carrying out the procedures and the data that
are produced or used in the procedures. We’ll also look at how the dif-
ferent activities are related to one another.
It should be stressed at the outset that:
This is not a complete list of genebank procedures. You may not do all
the procedures listed here or you may do many more. It depends
on what your genebank was set up to do.
This is not a practical guide to genebank procedures. It i  an outline of
common genebank procedures concentrating on their documenta-
tion. Genebanks show variation in the way they perform procedures
and the order in which they do them. This variation depends on a
variety of factors including the genebank activities, the resources
available, the priorities set and the decisions taken.
In the final section we’ll look at how you can perform the analysis in
your genebank.
Material in this chapter has been drawn from the following reference: Hanson, J. Procedures for
handling seeds in genebanks, Practical Manuals for Genebanks (IBPGR), Copyright © 1985 by
IRPGR. All rights reserved.
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2 Seed collections
In this section, we’ll be looking at procedures which are commonly
performed by genebanks handling seed collections. These procedures
can be visualised in the form of a flow chart (see fig. 1). This is just one
example of how the procedures can be organised.
Sample registration
Seed cleaning







Fig. 1. Procedures commonly performed by genebanks handl ing seed col lect ions
Using the flow chart in fig. 1, we’ll be looking at each procedure with
regard to:
The aim
The relation to other procedures
The data produced and used
The need for recording data in the documentation system: specifi-
cally the management value of any data and the information re-
quired from the documentation system
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2.1 Sample registration
2.1.1 Aim
To register each new sample for inclusion into the genebank with a
unique accession number and to record all relevant information received
with the sample(s).
2.1.2 Outline
Seed samples are received for inclusion in the genebank. Unless the
samples are already in the genebank, new accession numbers are as-
signed. Tests are performed on seed health before continuing with the
accessioning process. If seeds are in good condition, data received with
the samples. can be documented. All original documentation is filed for
future reference.
2.1.3 General remarks
The primary aim of the registration procedure is to give each germ-
plasm sample a unique accession number. Some genebanks prefer to do
this after the seed cleaning procedure. In order to avoid the situation
where the same accession number is accidentally assigned to more than
one accession, it’s a good idea to use a single file which is used to register
the accessions (see table 1).
Sample registration is the first step in a chain of procedures which is
followed for the majority of accessions (see fig. 1). A lot of work is in-
volved in this chain of procedures and for this reason genebanks often
adopt some sort of accession policy – a set of specific conditions which
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have to be met if germplasm is to be accessioned. Rarely will genebanks
accept just any germplasm!
2.1.4 Descriptor list for sample registration
An important part of the registration procedure is to document the
data received with the sample. Much of this data will be passport data,
that is, information recorded when the sample was originally collected,
names or numbers allotted after collecting and any other relevant infor-
mation. Passport descriptors can be conveniently divided into two cat-
egories, namely:
1. Accession descriptors – those concerning the registration of acces-
sions at the genebank
2. Collecting descriptors – those concerning data recorded when the
accession was originally collected
It’s quite common to use a single file to document all the passport
data particularly where only a few crops are maintained. Sometimes this
is not always possible (or practical) particularly if a wide variety of col-
lecting descriptors is being used for different crops. In such cases it is
usually possible to use a single file to record accession data and separate
files (one per crop) to record the collecting data (see fig. 2). Try to avoid
the situation where more than one file can be used for accession data as
mistakes in sample registration can cause serious problems later on.
Collecting file: species 1
Accession
(registration file) Collecting file: species 2
Collecting file: species 3
Fig. 2. A single registration file for all samples. Separate collecting files for each
species
Some or all of the descriptors in tables 1 & 2 can be used in sample
registration.
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Other numbers associated with the
accession
Acquisition date
Date of last regeneration or multiplication
COMMENTS
Genus and species is recorded. Sometimes necessary to record
more detailed information such as subspecies and/or authority
Parentage, nomenclature and designations assigned to breeding
material
Name of institution or individual responsible for donating the
germplasm
Number assigned to the accession by the donor
Any other identification number known to exist in other
genebanks for the accession
Date on which the accession entered the collection
Either the date at the time of registration or the most recent
regeneration date
Table 2. Collecting descriptors. Those marked with an asterisk* are descrip-









Location of collecting site*
Latitude of collecting site*
Altitude of collecting site*
Original number assigned by collector of the sample
Institute(s) collecting/sponsoring the sample collecting
Name of the administrative subdivision of the country in
which the sample was collected
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Table 2 (cont.). Collecting descriptors. Those marked with an asterisk* are descrip-






e.g. landrace, advanced cultivar, primitive variety




















Name given by farmer to sample and the language or dialect
used
e.g. natural vegetation, grazing, urban area, etc.
e.g. forest, grassland, bushland, etc.
Evidence for the threat of genetic erosion faced by the
material at the collecting site
Reference to photograph(s) taken at time of accessioning or
environment at time of collection (if taken)
Reference to herbarium specimen (if collected)
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Passport data are not the only data that are documented at sample
registration. There may also be data to document from the collector’s.
observations of the accession’s characteristics, or data from characterisa-
tion and evaluation trials performed after receipt of the samples (cov-
ered later in this chapter). A certain amount of miscellaneous data (“com-
ments”) might be supplied such as literature references, anecdotal data
and ethnobotanical data (e.g. suitability for particular applications,
unsubstantiated reports on performance in trials etc). We’ll look at how
you can handle these and any other feedback information in Chapter 6.
2 . 1 . 5 How to save yourself time in documentation
Sort samples into donor number order before allotting accession numbers
This might seem trivial but you’ll be able to:
1. Spot any mistakes in your documentation later on
2. Produce easily readable reports or catalogues (which list both acces-
sion number and donor number)
3. Communicate more easily with the depositor later on
Mark all documents received with the new accession number(s)
Filing is so much easier if all documents received are marked with
the accession numbers. Do this clearly, say, in red pen in the top right or
left hand corner. e.g.“EGRU 196” for a single accession, or “EGRU 232-
EGRU 244” for documents relating to a series of accessions.
Keep these documents in a file (or series of files) sorted in order of
accession number. As your accession numbering system will be strictly
a numerical and sequential one, the file will be a chronological record of
the accessions received.
Insist that passport data are supplied with the samples
Part of the registration process is the documentation of information
received with the samples. There’s nothing so irritating as receiving the
information 6 months or a year fter you’ve accessioned the germplasm
(or worse still, never). So, as part of the accession policy, why not insist
that, at the very least, passport data are supplied with the germplasm?
Do not use abbreviations for scientific names
It is advisable to write the scientific name out in full and to avoid
abbreviating it in the documentation system. This will avoid any pos-
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2 .2
sible confusion. For instance, it’s not clear what “P.” stands for – is it




To remove any broken or foreign seeds, debris, infested or infected
seed from the sample.
2.2.2 Outl ine
There are a number of different procedures which are used for clean-
ing seeds depending on the species and the condition of the sample. The
procedures vary in operation and in how labour intensive they are but
have the following four basic elements:
Initial examination
Removal of debris
Examination for fungal/insect infestation
Removal of damaged/empty seeds
Seed cleaning will include a drying step for seeds with a high mois-
ture content (e.g. fruits or recently harvested seeds). These would other-
wise be damaged by the cleaning procedure. In this case, the sequence of
events could follow the stages illustrated in fig. 3.
Fig. 3. Seed cleaning procedure for seeds with high moisture content
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Estimate of total seed
Proportion of empty seed
Treatment of seed
Operator
Seed cleaning is a routine procedure and some genebanks choose
not to document it except perhaps for the date of seed cleaning. How-
ever, this isn’t always the case. Genebanks often set limits to the mini-
mum number of seed they accept for accession; it can vary from 1,000
for a homogeneous population sample to 12,000 for a heterogenous popu-
lation sample. Any fewer seed and the accession might be refused or
multiplication be might necessary. In such genebanks, important data
are recorded in the seed cleaning process, namely the estimate of the
total seed number and the proportion of empty seeds. Also, if the seeds
are treated in any way (e.g. with fungicides or by fumigation) this is also
recorded.
Descriptor list for seed cleaning
Some or all of the descriptors in table 3 can be used in seed cleaning.
List of possible descriptors for seed cleaning
2 . 3  Seed drying
2.3.1 A i m
Reference to standard method used in the genebank
Name of chemical used
Name of person cleaning seed
To reduce the seed moisture content to accepted levels (without ad-
versely affecting seed viability) and thereby increase seed life in storage.
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Outline
2.3.3
Table 4. Descriptor list for seed drying
Accession number
Batch reference
The drying period of the seeds is predicted from estimates of their
initial moisture content. The seeds are prepared for drying and subse-
quently dried. The moisture content is determined again; if it is not low
enough, the seeds are dried for a longer period.
Subsequently the total weight of dried seed is measured along with
the weight of 1,000 seeds (or 100 seeds for large seeds). Some genebanks
choose to record the volume of 1000 seeds if they handle seeds on a daily
basis by volume rather than by weight. Where large seeds are being
handled (such as many beans and some tree species), genebanks com-
monly choose not to weigh the seeds but instead record the total number
of seeds.
Descriptor list for seed drying
There are a number of different methods for determining or esti-
mating the moisture content of seeds. Similarly there are a number of
different methods for drying seeds. The methods you use will depend on
the seeds you are drying and the equipment you have. A descriptor list
for seed drying is given in table 4.
Reference to method Reference to method for seed drying/seed moisture content
determination
Final moisture content determination (%)
Date of moisture content determination
Total dry weight of seeds
1000 seed weight
100 seed weight (for large seeds)
6 7Chapter 4: Analysis of data generation and use in genebanks
2.4 Seed viability testing (germination test)
2.4.1 Aim
To determine, using a suitable germination test, what proportion of
the seeds of an accession are alive and capable of producing plants un-
der appropriate conditions.
2 .4 .2 Outline
This procedure is performed routinely after seed drying and peri-
odically afterwards to monitor the viability of the seeds.
There is no general method for testing seed viability which can be
used for all species; different species have different requirements for light,
media, and temperature. However, there are three methods which-are
most commonly used to determine seed viability: on absorbent paper,
between absorbent paper and in sand. These methods have three steps
in common:
Preparation of seeds – commonly, two or more replicates for each
batch are used
Performance of test
Interpretation of results – if the result is low, the test is repeated. A
decision is subsequently taken on the fate of the batch
2 . 4 . 3 Descriptor list for seed viability testing
The aim of this procedure is very specific – it’s to get data on the
viability of the seed. These data are important and have a high manage-
ment value. You’ll have to think about which other data need to be re-
corded. Do you need detailed information about how the test was per-
formed? Do you need a reference to the method used? You won’t need
details of the method if you always use the same one. A descriptor list for
seed viability testing is given in table 5.
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Table 5. Descriptor list for seed viability testing
Accession number
Batch reference
Collection type The collection from which the sample was derived, e.g. base,
active
Reference to method
Date of viability test
Viability (%)
Operator
Reference to method used for seed viability testing
Name of person performing test
2.5 Seed packing and storage
2.5.1 Aim
To package seeds in such a way to pre-
vent absorption of water from the atmo-
sphere and contamination by pests; to store
the seeds under conditions which maintain
the viability and integrity of the accession.
2.5.2 Outline
Prepare packaging. Seed packets or con-
tainers are prepared and labelled appro-
priately
Package seed. A known amount of seed
is placed in the packet/container and
sealed. The seals on the packet/container
are checked to make sure that they are
intact and there are no signs of any other
damage
Determine location in seed store for seed
packet/container
Place packet/container in seed store
Record location details in documentation
system
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2 .5 .3 Descriptor list for seed storage
Seed packing and storage form part of a chain of procedures and
usually follow satisfactory seed drying and viability testing. Generally,
seeds are only stored if they have an acceptably low moisture content
and high viability level. As with registration, documentation is an inte-
gral part of these procedures and several important management data
have to be recorded. A descriptor list for a seed store inventory file is
given in table 6.
Table 6. Descriptor list: seed store inventory file
AccessiIon number
Batch reference
Collection type The collection from which the sample was derived, e.g. base, active
Location in seed store
Total amount of seed
1000 seed weight
100 seed weight (for large seeds)
Minimum amount of seed allowed Minimum amount of seed allowed before regeneration is                     
Number of packets/containers
2.5.4 How to save time in documentation
There are considerations which although not strictly the concern of
the documentation specialist can help with the management of the pro-
cedure and the operation of documentation system.
Label seed packets/containers carefully with useful information
You should at the very least label the packets with the accession
number and batch reference. However, you don’t want to keep running
from the cold room to the documentation system to find out what a seed
packet is so you could consider labelling the packets with the following
additional information.
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Crop name. It’s useful if you put the crop name (or scientific name)
on the packet, particularly if the seed store is not organised in acces-
sion number order but, say, by crop. You (or other genebank staff)
will easily be able to spot seed packets which are in the wrong place.
Seed store location code. If the seed store is not organised in accession
number order, the location code will tell you what the “address” of a
seed packet is. You’ll be able to notice quickly whether a seed packet
is in the wrong place.
Date of storage. You’d use this information in making a decision on
when next to check the seed viability. This is useful if you have seed
packets from the same batch which were stored on different dates
(rare in practice).
The packet number. If you are storing the batch in more than one packet
it’s also useful to record the seed packet number.
Standardise labelling
Don't label the packets arbitrarily: use a format which is followed on
all seed packets. You could for instance record the accession number and
underneath this put the batch reference, crop name and location. If you’re
using adhesive labels make sure the labels can’t fall off the packets. If
you’re using a marker pen for labelling the packets, use an indelible ink
which is not erased by seed packets rubbing against each other in the
store. Also avoid labelling the packets near the top as the labels might get
damaged when the packets are opened and re-sealed.
Organise the seed store sensibly
It can be hard work hunting round in a cold room or freezer for a
seed packet, that’s why each batch of an accession often has a seed store
location address, usually in the form of a code. (e.g. “A/01/02/01”: cold
room “A”, rack “01”, shelf “02”, box “01”). A major nightmare for docu-
mentation staff and other genebank staff alike is when-the seed store has
to be re-arranged because of operational difficulties. Such re-organisa-
tions are sometimes necessary but in many cases can be avoided if care-
ful thought is made how the seed store is organised in the first place e.g.
should the seed store be arranged in strict accession number order or on
a crop basis? How many racks; shelves and boxes are being used? In any
case, the smallest container will be a box or drawer so it helps enor-
mously if each drawer/box of seed packets is sorted in an accession num-
ber order.
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Keep the seed store tidy!
Don’t let seed packets fall out of trays or get lost. Remember, the
documentation system is supposed to give information about the seed
store: what germplasm it has and where. The documentation system
won’t tell you if a seed packet has fallen onto the floor (if it did, why are
you documenting the fact that the seed packet is on the floor).
2.6 Seed distribution
2.6.7 A i m
To supply seeds of an accession together with relevant information
in response to requests.
2 .6 .2  O u t l i n e
A request is received for a sample of a genebank accession. If there
is sufficient quantity of seed in the seed store, a sample is removed and
packaged for distribution. If there is insufficient seed in the store, the
accession must first be multiplied before any seed is distributed. Pass-
port and available scientific data are retrieved from the documentation
system and supplied together with the sample.
The seed store inventory is updated to show how much seed re-
mains for the particular batch reference of the accession. Details concern-
ing the distribution are also recorded.
2 . 6 . 3 Descriptor list for seed distribution
Seed distribution has a strong documentation component so it’s
worth designing the seed distribution procedure so that documentation
is an integral part and not an afterthought. If you’re sending out samples
on a regular basis, you’ll make sure that the procedure is simple in de-
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Table 7.
sign, well structured, efficient and easy to perform so that anyone can
perform it and no mistakes can be made. To this end, you’ll try to use
standardised packages, standardised labels, standardised forms etc. in
the procedure. These can save time in what is, after all, a routine opera-
tion.
The way that seed distribution data are documented is a good ex-
ample of how genebank objectives and priorities and information needs
directly affect the documentation system that is finally developed. For
instance, if you’re only sending out a few germplasm samples each year
(and are unlikely to increase in the future) the chances are that you won’t
need a sophisticated and streamlined documentation system for seed
distribution; perhaps a book or a file in a filing cabinet will suit your
information requirements. At the other extreme, if you’re sending out
numerous seed samples every year and want to keep track of, say, where
samples are going (and from which batch), how many accessions are
sent out to different categories of scientists and so on, you’ll want to keep
a more complex documentation system and probably on a computer. The
system might have similarities to management systems found in some
larger retails shops or mail-order firms which require detailed sales analy-
sis, stock control and invoicing/accounts features; however it’s unlikely
that you’ll need all of these features. A descriptor list for seed distribution
is given in table 7.




Amount of seed sent
Reference to recipient address
Phytosanitary certificate number
Export permit number
Recipient’s import permit number
Mail registration number
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2.7 Seed monitoring
2.7.1 Aim
To establish whether seed amount and seed viability remain at ac-
ceptable levels.
2.7.2 Outline
Seed monitoring consists of two separate procedures:
1. To determine at pre-set intervals (e.g. every 5 years) the viability of
accessions using a germination test. If viability is unacceptably low,
regeneration is necessary.
2. To determine at regular intervals the amount of seed of each acces-
sion in the seed store. When seed amount is unacceptably low, the
accessions should be multiplied.
1992
2.7.3 General remarks Viability test
The sequence of events in seed monitoring is:
a. Determine accessions to test
b. Perform test
c. Act on result
1997
Seed monitoring relies heavily on the documentation system to pro-
vide: information on which seed stocks are getting low, which acces-
sions need viability testing and which accessions need multiplying/re-
generating. If it wasn’t for the documentation system providing good,




To replenish stocks of an accession by growing the accessions un-
der suitable conditions.
2.8.2 Outline
Regeneration is performed when the viability of a batch falls below
an acceptable level; this level is commonly 85%.
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Multiplication, on the other hand is performed when the total weight
or number of seeds of an accession falls below a pre-defined minimum
amount.
The procedures developed for multiplying or regenerating a sample
will depend on a variety of factors including the species, its breeding sys-
tem and the heterogeneity of the accession. These are not covered here,
but the procedures have the following common elements:
Determine how many accessions can be handled
When the requirements for the different samples are taken into con-
sideration along with the amount of land available, an approximate fig-
ure can be calculated for the number of accessions that can be regener-
ated or multiplied in the space available.
Decide which accessions to regenerate or multiply
Priority is usually given to accessions in the following order:
1. Those which have a low viability
2. Those which are required urgently for supply or use within the gene-
bank
3. Those which have a low seed number but high viability
Determine where to grow the material
For those accessions which are being regenerated, the passport data
must be consulted to determine the appropriate conditions for regenera-
tion.
Prepare the sowing plan
Commonly, a map is drawn of the area to be used showing the allo-
cation of accessions to particular plots.
Prepare the seeds for sowing
The required quantity of seeds is removed from the store room and
the seed distribution and inventory files adjusted accordingly.
The samples are grown out for regeneration or multiplication
Harvest and process the new seeds for entry into the genebank
Samples are harvested and then undergo the operations of seed clean-
ing, seed drying, seed viability testing, seed packing and storage as out-
lined earlier.
2.8.3 General remarks
Regeneration or multiplication is performed as a result of informa-
tion generated in seed monitoring procedure. Passport and other data
on the accessions are also required-in the planning of regeneration. Infor-
mation is required (where appropriate) on the number of plants, the spac-
ing in the plots, the breeding system of the crop, any isolation required
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and the pollination method needed. Your genebank will probably al-
ready have these data recorded as standard methods so you may not
have to concern yourself with recording these data for each accession.
If you have the possibility of regenerating accessions at more than
one location you could consider listing the “preferred site of regenera-
tion” in the inventory file. This will save you having to consult the pass-
port file every time you have to decide where to regenerate an accession
and make the planning process that much easier.
2 . 8 . 4 Descriptor list for regeneration/multiplication
Some or all of the descriptors in table 8 can be used for recording
regeneration/multiplication data. As the methods vary according to spe-
cies, there will also be a number of other species-specific descriptors which
you will have to record. These are not given here.










Germination in the field (%)
Number of plants established
Days from sowing to flowering
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2.9 Characterisation/preliminary evaluation
2.9.1 Aim
To grow accessions under suitable conditions and to obtain data for
particular descriptors.
2.9.2 Outline
The difference between characterisation and evaluation is as follows.
Characterisation consists of recording those descriptors which are highly
heritable, can be seen easily by eye and are expressed in all environ-
ments (e.g. flower colour, number of leaves). An example, the charac-
terisation of the arrangement of storage roots on underground stems in
sweet potato is illustrated in fig. 4. Evaluation consists of recording those
characters which are susceptible to environmental differences (e.g. fruit
yield, drought susceptibility). Therefore an accession can be evaluated
on a number of different sites, perhaps giving significantly different re-
sults for several descriptors. On the other hand, an accession being char-
acterised on several different sites is likely to give essentially the same
results. You probably wouldn’t characterise an accession more than once
unless you were checking its integrity and wanted to know whether it
still represented the original deposit.
1 Closed cluster 3 Open cluster 5 Dispersed 7 Very dispersed
Fig. 4. Characterisation of the arrangement of storage roots on underground stems
in sweet potato
In practice, when an accession is being characterised, a limited num-
ber of evaluation characters are recorded at the same time (so called “pre-
liminary evaluation” characters). These are generally fairly straightfor-
ward to record and are of general interest to users of the particular crop.
A number of different procedures are used for characterisation and
preliminary evaluation depending on the species. The procedures vary
in operation and how labour intensive they are. The characterisation or
preliminary evaluation trials would be planned in a similar way to re-
generation or multiplication procedures and are likely to have the fol-
lowing steps:
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Determine how many accessions can be handled
Decide which accessions to characterise or evaluate
Determine where to grow the material
Prepare the planting plan
Prepare the seeds for planting
Perform characterisation or preliminary evaluation
Record data in documentation system
Although characterisation can be performed at the same time as re-
generation or multiplication, evaluation cannot; for instance, you
wouldn’t assess the pest or disease tolerance of an accession when re-
generating it.
2 . 9 . 3 Descriptor list for characterisation/preliminary evaluation
Most of the descriptors for characterisation and preliminary evalu-
ation are species-specific. However, there are some general descriptors
concerning the conditions of the trial which are given in table 9.




















The management and documentation of field
collections shows great similarities with that of
seed collections. For this reason we won’t go into
the same detail here as many of the concepts have
already been discussed. One big difference is that in routine manage-
ment procedures there is often a need to document information on the
individual plants that make up an accession.
The common procedures undertaken at field collections are visual-







Fig. 5. Common procedures undertaken at field collections
Sample registration
The same considerations apply here as for the registration of seed
samples. If there is a future need to document information on the indi-
vidual plants, each plant in the accession should be given a unique plant
identification number. Quarantine regulations are also strictly observed
since field collections are more susceptible to pests and diseases than
seed collections.
Sample planting
Healthy accessions are planted according to a pre-arranged plan in
the field, glasshouse or orchard. The field inventory will therefore be a
record of the precise location of the accessions (and the individual plants).
The descriptors might include some or all those listed in table 10.
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Date of next regeneration
Field, row and plot number
3.3 Sample monitoring
Accessions are checked periodically for disease or infestation with
pests. Any diseases or pests are dealt with according to standard proce-






Most of the considerations for seed collections also apply to field
collections with regard to these activities. There will often be a need to
document the plant identification number routinely in these procedures.
4 In vitro collections
Germplasm is maintained in vitro as plant tissue ranging from pro-
toplast and cell suspensions to callus cultures, meristems/shoot-tips and
embryos. A variety of different methods are used for maintenance, in-
cluding culture methods on solid or liquid medium and storage at very
low temperatures (cryopreservation). As in the case of field collections,
the management and documentation of in vitro collections show simi-
larities to that of seed collections but there are some important addi-
tional considerations, principally concerned with the way the germplasm
is maintained.
The procedures commonly undertaken by in vitro active collections
are shown in fig 6.









Fig. 6. Procedures commonly undertaken in in vitro active collections
Samples may enter the in vitro genebank from other in vitro collec-
tions or as cultures from field-grown material, newly collected vegeta-
tive samples, or seeds. As we saw with field collections, vegetatively
propagated material frequently presents more serious plant health and
quarantine problems than seeds since it tends to accumulate those patho-
gens which are otherwise removed at the seed production stage. There-
fore, the initiation of cultures for in vitro conservation usually involves
disease indexing and eradication.
In vitro storage may be short to medium-term under normal culture
conditions or conditions that reduce the growth rate (“slow growth stor-
age”). For long-term storage, cryopreservation in liquid nitrogen is used.
The former is a cyclical process with subculturing every, say, 1 or 2 years
(see fig. 6), whereas the latter is a one-step storage method for which the
only recurrent activities (other than addition or distribution of samples)
are periodic monitoring for viability and stability. In vitro cultures are
often duplicated in parallel under different conditions, e.g. slow growth
and cryopreservation, or slow growth and in the field. They may also
have related seed collections.
Cultures in normal or slow growth require monitoring periodically
to note features such as microbial contamination, callus formation, loss
of leaves, bleaching of leaves and browning of the culture on the me-
dium. The timing of subculturing and the number of replicate cultures
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produced is influenced by data obtained during the monitoring process.
For example, cultures showing signs of excessive browning require early
subculturing; those affected by contamination should be discarded and
replaced by multiplication of clonally identical replicate cultures.
The scope for characterisation of in vitro is extremely limited except
for biochemical and molecular techniques, e.g. isozyme studies and DNA
analysis using Restriction Fragment Length Polymorphism (RFLP) or Ran-
dom Amplified Polymorphic DNA (RAPD). This is because when vegeta-
tive material is introduced into culture, it looses many of its distinguish-
ing morphological features that it had as an independently growing plant.
Therefore, full characterisation is usually carried out prior to culture ini-
tiation or using field-grown, clonal replicates of cultured material. Also,
because of the risks of instability, ge-
netic stability is commonly moni-
Genetic instability
tored by whatever means are avail-
able. This may involve isozyme
Continued genetic stability of the accessions maintained is a analysis, molecular screening (RFLP
matter of concern for all genebanks; with in vitro collections or RAPD) or periodic transfer to the
particular care needs to be taken to guard against instability. field for evaluation.
Unorganised cultures such as cell suspensions are more prone
to genetic instability (or somaclonal variation) than organised
systems such as meristems and embryos. The latter are there-
fore favoured for genetic conservation but callus formation
could still occur in storage, increasing the risk of instability.
Also, shoot cultures of some crops such as banana and plan-
tain are inherently unstable, often amplifying the somatic mu-
tations that can occur in the field.
The batch reference of an acces-
sion is of particular significance in
in vitro collections and is always re-
corded. Often the batch reference
represents the pedigree of the sample
and commonly uses the notation il-





Batch reference: 1.1.1 1 .1.2 1.2.1 1.2.2
Fig. 7. An example of the batch reference notation in in vitro collections
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Table 11.
The notation is rather like the numbering system used in this guide-
book to distinguish the different sub-sections of each chapter. Alterna-
tively the batch reference can be a reference to the subculturing regime
used (either systematic or random).
There are many aspects of this in vitro conservation process that re-
quire detailed analysis when constructing the documentation system.
Table 11 summarises descriptors from a number of different procedures
which are important for the management of in vitro collections. You should
perform detailed analysis of each procedure to produce your own de-
scriptor lists. Don’t forget that you can document the passport data in the
same way as for seed collections. Also, precise details of the various tech-
niques used (culture medium and conditions, disease indexing, monitor-
ing, etc.) can be kept in separate files and a reference made to these from
the inventory files.
Descriptors commonly used for management o f in vitro collections
Accession number
Batch reference
Relationship to other conserved material Note on whether sample was derived from other conserved
material
Date of culture initiation
Disease indexing procedures
Disease indexing results
Reference to which procedures were carried out
Disease eradication procedures
Number of replicates maintained in culture
Culture medium used for initiation




Reference to which procedures were carried out





Location of safety duplicates
Random or systematic
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5 Questionnaire/analysis
The following questionnaire is designed to help you analyse the
procedures carried out in your genebank; to identify data generated in
the course of each procedure, and to identify meaningful sets of descrip-
tors for each procedure performed. It is essential to spend time complet-
ing this questionnaire, for each procedure in turn, as it will be used as
the basis of your new documentation system.
We looked at the different procedures commonly carried out in gene-
banks in the previous sections of this chapter and identified different
descriptors commonly used for recording data on specific procedures.
These will be a useful reference for completing your questionnaires.
The procedures carried out at your genebank may differ from the
procedures we have studied. There may be more procedures you wish
to document, or certain procedures which need to be documented in a
different way.
The first stage of this analysis is to identify all procedures performed
at your genebank. You may have identified these already. If not, the
following list details all the procedures examined earlier, which will pro-
vide a useful starting point.
Sample registration
Seed cleaning
Seed viability testing (germination test)





You should construct a flow chart showing how the different proce-
dures are related. Refer back to Chapter 3 and the earlier part of this
chapter if you are unsure how to do this.
For each procedure you have identified, you should start a separate
analysis form. The form given on page 85 is designed specifically for this
purpose. Photocopy the form so you have one for each procedure iden-
tified. At this stage, complete only the preliminary details on each form:
the procedure you are analysing, the name of your genebank, the loca-
tion of your genebank, your name and today’s date.
The next step is to decide which descriptors need to be recorded in
your documentation system for each procedure identified. You will find
it useful if you construct a flow chart for each procedure. Look at the
data produced in each individual procedure and consider carefully which
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DESCRIPTOR
descriptors need to be recorded. Again, you may have identified these
already. If not, look back at the previous sections of this chapter. The
descriptors listed for each procedure discussed are a useful starting point.
Work through the procedures one at a time. For each procedure, as
you identify a given descriptor, this should be added to the “D ESCRIPTOR ”
column on the form. If you know of any descriptor states that are cur-
rently used when recording a particular descriptor, it is useful to record
these now in the “D ESCRIPTOR STATES” column. Any coding systems used
should be indicated in the “D ESCRIPTOR STATES” column, along with the
descriptor state, and can be explained further in the “C OMMENTS ” col-
umn. If, however, you are unsure of descriptor states or coding systems
used, or no formal systems currently exist, do not spend a lot of time
working on them now, as they are studied in depth in the following chap-
ter. They should be considered after Chapter 5 has been completed. Fig. 8
illustrates the different columns that must be completed.
DESCRIPTOR STATES COMMENTS
Fig. 8. Form for recording the descriptor list for a given procedure
The comments column can also be used for any miscellaneous data
you might want to record about each descriptor, and a larger comments
section is provided at the bottom of each form for you to record any mis-
cellaneous data concerning the procedure as a whole. An example of a
completed form is given in appendix 1.
If you are still unsure of where to start analysing your genebank
procedures, table 12 at the end of this chapter should help you. It lists all
the procedures that we have discussed in this chapter, suggesting mean-
ingful descriptors that could be recorded in each case.
You are advised to consult table 12 only after you have given care-
ful thought to the procedures in your own genebank. It is vital that each
form is based on how procedures in your genebank operate. All gene-
banks operate in different ways, so it is impossible to produce a stan-
dard model.
G E N E B A N K   P R O C E D U R E   A N A L Y S IS 
S





TYPE OF PROCEDURE (OPERATIONAL/SCIENTIFIC ):
RELATED PROCEDURES:
SHEET NUMBER:
DESCRIPTOR DESCRIPTOR STATES COMMENTS
COMMENTS:








































No. of plants sampled
Land use
Vegetation type
Meaningful descriptors that can be recorded for different procedures.
Further crop specific descriptors can be found in descriptor lists pub-
lished by IBPGR
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Table 12 (cont.). Meaningful descriptors that can be recorded for different procedures.































Total dry weight of
seeds
1000 seed weight
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Table 12 (cont.). Meaningful descriptors that can be recorded for different procedures.
Further crop specific descriptors can be found in descriptor lists pub-
lished by IBPGR
Date of viability test
Viability (%)
Operator (viability)
Location in seed store


































Chapter 5 will look in more detail at how data can be recorded. When
you have finished this chapter, you will be able to:
Review the advantages and disadvantages of the different ap-
proaches to recording data
Explain why descriptor lists are used
Illustrate the different steps in developing descriptor lists
List the conventions used when scoring descriptors
Describe ways of handling heterogenous data
Approaches to recording data
In Chapter 4 we analysed in some detail the common genebank
procedures and identified sets of descriptors that could be used in a gene-
bank documentation system. However, we haven’t looked in much de-
tail about how the data are recorded or the factors which can affect the
accuracy and precision of the data. Some or all of the steps listed in sec-
tions 1.1 to 1.6 are followed when data are collected.
Observe or measure trait
It’s important that the person making the observation is familiar
with the trait or characteristic that is being studied otherwise the data
obtained will be of doubtful quality. For example, if observations are
being made on the colour of seedling hypocotyls and the observer does
not know what a seedling hypocotyl is, it’s highly unlikely that the data
obtained will be reliable. However, familiarity with the trait by itself is
not enough. The observer also has to know the most accurate way to
make the observation, usually by employing standard methods. If the
observer is careless in making the observation or the equipment being
used is faulty, the data obtained will be unreliable. For instance, if a ger-
mination test is carried out using the wrong method, any viability data
will be questionable. Similarly, if a hand-held moisture content meter is
known to be faulty, can you trust any measurements made for seed
moisture content?





Record observation or measurement
Raw data are commonly recorded on paper, often using standard-
ised forms. In many applications it is also possible to use computerized
data loggers which greatly facilitate this often laborious process. For in-
stance, observations in a field trial can be recorded directly using a hand
held data logger. Also bar codes, which are a familiar feature on many
commercial packages, are increasingly being used for seed store inven-
tories as they simplify management of the collections. Whether using
manual or computerised methods for recording raw data, it is essential
that the data are recorded accurately and with the desired degree of pre-
cision.
Transcribe into computer or manual format
Data which have been recorded can be transcribed into a different
format (e.g. from field notebooks to manual forms) or into different me-
dia (e.g. from field notebooks to a computerised format). Data transcrip-
tion is a common source of errors if it is not performed with great care.
For this reason, the number of different transcriptions is usually kept to
a minimum, particularly between different manual formats.
Analyse raw data
Data need to be analysed or transformed to produce
information. A wide variety of analyses is possible ranging
from simple arithmetic calculations to complex statistical
analyses. The analysis performed is entirely dependent on
the traits being studied and the information required from
the analysis.
Score descriptor using results of analysis
Many descriptors can be scored directly from the raw data and re-
quire no analysis. Examples of these descriptors include seed weight,
collection source and date of next viability test. However, the majority of
descriptors concerning scientific data and many management descrip-
tors require some sort of analysis of the raw data before scoring the de-
scriptors. For instance, the majority of characterisation descriptors are
based on observations or measurements of, say, 20 plants; these data
need to be analysed before the descriptor can
be scored. Calculations which are commonly
recorded include the mean, standard devia-
tion, median and mode.
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1 .6 Output data into a more usable format
Once the descriptors have been scored, the data can be output into
other formats depending on the application. In computerised systems,
for example, data can be output to spreadsheet or statistical software for
further analysis. For the purpose of information dissemination, data are
commonly organised to produce specific reports which might contain
tables, graphs; pie-charts and other graphical elements.
2 Advantages and disadvantages of different approaches
There are a number of approaches to recording data. The approach
which is chosen will affect:
The ease with which data can be recorded
The ease with which recorded data can be updated/modified
The ease of flexible information retrieval
The potential for data analysis/transformation
The different approaches are summarised in tables 1 and 2.




Ordinal scale Plant height (9 descriptors):
1 = very short (<0.5m)
2 = very short to short (>0.5-0.75m)
3 = short (>0.75-1.0m)
4 = short to intermediate (>1.0-1.25m)
5 = intermediate(>1.25-1.5m)
6 = intermediate to tall (>1.5-1.75m)
7 = tall (>1.75-2.0m)
8 = tall to very tall (>2.0-2.25m)
9 = very tall (>2.25m)
Binary scale Plant height (9 descriptors):
Presence of very short (<0.5m) plants
Presence of very short to short (>0.5-0.754) plants
Presence of short (>0.75-1.0m) plants
Presence of short to intermediate (>1.0-1.25m) plants
Presence of intermediate (>1.25-1.5m) plants
Presence of intermediate to tall (>1.5-1.75m) plants
Presence of tall (>1.75-2.0m) plants
Presence of tall to very tall (>2.0-2.25m) plants
Presence of very tall (>2.25m) plants
Descriptor is scored using
standard (SI) units (e.g.
metres, grams)
Descriptor is scored using a
series of pre-defined
descriptor states. In this
example, a plant height of
0.9m is scored as either “short”
or "3"
Each descriptor has two
descriptor states: + (present)
and 0 (absent). In this
example, the single descriptor
for plant height has been
replaced with 9 separate
descriptors for the individual
ranges, each scored as +
(present) or 0 (absent)
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Table 2. Different approaches to recording qualitative data






6 = dark green
8 = dark red
Binary scale Flower colour (8 descriptors):
Presence of white flowers
Presence of cream flowers
Presence of yellow flowers
Presence of orange flowers
Presence of green flowers
Presence of dark green flowers
Presence of red flowers
Presence of dark red flowers
Descriptor is scored using a
series of pre-defined
descriptor states. In this
example, a plant producing
orange flowers is scored as
“orange” or “4”
Each descriptor has two
descriptor states: + (present)
and 0 (absent). In this
example, the single descriptor
for flower colour has been
replaced with 9 separate
descriptors for the individual
ranges, each scored as +
(present) or 0 (absent)
2.1 Continuous scales
Certaindescriptorshaveto bescoredon a continuousscale.A good
example is seed weight – you need to know precisely how much seed is
in the cold store. However, before using a continuous scale a decision
has to be made about the precision when scoring the descriptor – how
many decimal places are required: 1, 2, 3, 4, none? Should you record a
seed viability as 87.342% or just 87%? Should you record a seed weight
as 256.13g or as 256g? Any decision you take here can affect the ease of
data entry and modification and the usefulness of any information re-
trieved.
Quantitative data have a greater potential for statistical analysis on
a continuous scale than on an ordinal scale. Therefore, if statistical analy-
sis is a priority, a continuous scale should be used when scoring the
descriptors. Transformation from a continuous scale to an ordinal scale
is possible but with an accompanying loss of precision. For instance, a
plant height of “0.9m” can be transformed to an ordinal scale as “small”
but it is not possible to do this in the other direction. Therefore it’s best to
record the raw quantitative data on a continuous scale, this way the in-
formation potential of the data is maximised.
7 = red





As with continuous scales, scoring descriptors using an ordinal scale
is usually quite straightforward. Future updating or modification of these
data in a documentation system is easy since there are only a limited
number of descriptor states. An ordinal scale is illustrated in fig. 1.
The potential for data analysis and transformation is not so great as
with continuous scale data, However, certain types of information re-
trieval are facilitated since the data have, to a certain extent, been inter-
preted and classified. You’ll easily be able to search directly for “disease
resistant plants”, “high yielding varieties”. You’ll be able to assess more
directly how similar/dissimilar individual genebank accessions are.
However, you’ll only be able to do this if the descriptor states are mean-
ingfully defined for a particular crop. This is an important point and
we’ll be returning to it later in section 3.2.3.
Plant height = 6
ORDINAL SCALE
Fig. 1. Scoring plant height using an ordinal scale
Use of numeric codes
The use of numeric codes greatly facilitates the simple and accurate
scoring of descriptors. For instance, it would be time consuming if you
had to type or write “high yielding variety” for a whole series of acces-
sions: it would take up a lot of space on the forms you are using or in the
computer database. Mistakes might creep in: you might misspell a word
or later on find someone else’s handwriting difficult to read. These mis-
takes would make information retrieval more difficult. It’s a lot easier to
type or write “2” than to write “high yielding variety”. Data updating and
modification are easier as well – and it’s much easier to search for "2"!
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2 . 4
The main problem with numeric codes arises when you are han-
dling more than one crop. Each crop has its own descriptor list and these
are not necessarily related to each other, particularly with regard nomi-
nal scales such as “uses of accession” or “collection site”. When you con-
sult the documentation system for information, what do all those “2”s
mean? (And what do all those other numbers mean – 1, 3, 5, 2, 6, 4, 8, 9?).
You need to go back to all those pre-defined lists to work out what they
mean. Information retrieval can become very slow, particularly in manual
systems. In computerized systems, the computer software sometimes
has facilities for automatic conversion of the numeric codes to the corre-
sponding descriptor state so that you can search for (or display) either
“5” or “intermediate” and so on for the other descriptor states.
Use of letter codes
You shouldnever considerusingshort-handcodesinsteadof nu-
meric codes e.g. “vs” for very short, “grn” for green, “mkt” for market,
“I” for irrigated etc. The problem with short-hand codes is that, while
they might be obvious to you, they are not always obvious to other people,
especially you use short-hand codes for many descriptors. Worse still,
different people using the documentation system will use different codes
leading to confusion e.g. “vs”, “v.sh”,“v.sht” for very short. The lack of
uniformity will have serious consequences for information retrieval and
information exchange. Just think of the problems of exchanging data
with other national genebanks, all using short-hand codes: for the En-
glish “very short” might be “vs”, the Spanish “muy corto” – “mc” and
the French “très courte” – “tc”. What a confusion! On the other hand,
with a numeric coding these might all be “1”. Even if you use short-hand
codes in the original lab-books, the documentation system itself should
contain only numeric codes (or their translated equivalent).
2.4.1 Country codes
There are occasions where non-numeric, letter codes can be used but
these are comparatively rare unless you are working with genetic data.
An example is the 3 letter codes for country names recommended by the
Statistical Office of the United Nations. These abbreviations are interna-
tionally recognised and widely used and can be found in appendix 2.
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2.4.2 Gene symbols
With genetic data, symbols are widely used to represent particular
traits. These symbols can often be quite long and confusing and the con-
ventions used can vary depending on the biological system under study
(e.g. bacteria, viruses, fungi, plants etc.). Nonetheless, a number of con-
ventions are commonly followed in the documentation of genetic data in
plant genetic resources. Some of these are now given:
1. A common basic symbol is given for a particular trait. When the
trait can be caused by more than one gene, the different genes are
numbered sequentially using Arabic numerals. For instance; in maize
the symbol dek stands for the trait “defective kernel”; more than 30
genes can be responsible for this trait and these are numbered in
sequence dek1, dek2, dek3 and so on. Notice that the symbols are
written in italics; alternatively they can be underlined.
2. Where there is no ambiguity, the basic symbol of a dominant gene
should begin with a capital letter and those of a recessive gene with
a small letter. This information is of particular significance when
performing genetic crosses. So in maize, the trait “defective kernel”
is recessive and written as dek whereas the trait “wrinkled kernel” is
dominant and written Wrk.
3. Different alleles of a particular gene are designated by a lower case
character following the gene designation. For instance, in rye the
designations Pm1a and Pm1b represent different alleles of the same
gene Pm1 which is responsible for the trait “resistance to powdery
mildew”. Where the alleles have been detected by isozyme analy-
sis, it is common to separate the allele designation from the gene
symbol with a dash. Therefore, in soybean alleles of the gene Sod2
(for superoxide dismutase) are written Sod2-a, Sod2-b.
There are other conventions used which are more specific to the
species under study so they will not be given here. It should be pointed
out that many of the symbols used are only meaningful within the spe-
cies under study. For example, genes are designated as they are identi-
fied so although the symbol Pgm might be used-for the enzyme phospho-
glucose mutase in a number of species, the numbering of the genes is
particular to the species. Therefore, care should always be taken when
documenting genetic data from different species. Use accepted and well
established conventions – don’t create your own! A considerable num-
ber of symbols are already used with genetic data and you don’t want to
add to the confusion by creating more!
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2 .5 Binary scale
In theory, descriptors scored on a binary scale are by far the easiest
to score, update and modify in a documentation system. You don’t need
to consult any pre-defined lists. It’s just a matter of answering “present”/
“absent” (“yes”/“no”). Information retrieval is enhanced as the descrip-
tor states are so rigorously classified and easy to compare; data exchange
is also much easier.
You might run into practical problems when scoring descriptors if
there are many descriptors scored using a binary scale. As we saw from
tables 1 and 2, descriptors scored using an ordinal or nominal scale can
be expressed on a binary scale with each descriptor state being a sepa-
rate binary observation. So, 20 descriptors scored on an ordinal scale
with 9 separate descriptor states would correspond to 180 descriptors
scored on a binary scale. That’s 160 more entries to make on computer or
on manual forms. Quite an increase in the workload for scoring descrip-
tors! It would also be more difficult to retrieve information. For instance,
it would be more difficult to answer general questions like “what colour
flowers does this accession produce?” Instead you’d have to ask “does
this accession produce red flowers?” “Does this accession produce blue
flowers?” And so on.
In some cases, using a binary scale would waste a lot of time and
effort. If the crop regularly produces a variety of different flower colours
in the same accession, then the different descriptor states can be recorded
efficiently on a binary scale by indicating the presence or absence of each
colour. On the other hand, you wouldn’t use a binary scale for nominal
scale descriptors such as “collection site”. The fact that an accession was
collected in a “village market” would necessarily exclude its collection
from a “research institute”. If there were 9 separate collection sources, 8
of these would always be recorded as negative.
The use of binary
Statistical analyses or data transformations on binary scale data are
scales is limited
more limited than those for ordinal/continuous scale data. For these rea-
sons, and the reasons given above, the use of data scored on binary scales
is limited.
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3 Descriptor lists
3 .1 The need for descriptor lists
Why do you need to use descriptor lists? For instance, with the de-
scriptor “collection site”,why not just score the descriptor as it is: after
all, you don’t need a list to tell you that you collected a sample of maize
in a “village market”, do you?
The answer to this question is simple. The use of well-defined, tested
Descriptor lists for scor- and rigorously implemented descriptor lists for scoring descriptors will
ing descriptors will con- considerably simplify all operations concerned with data recording, up-
siderably simplify ALL dating/modifying, information retrieval, and exchange, and data analy-
operations sis and transformation. In other words, you must use an existing and






When data are recorded, they have to be classified and interpreted;
with a pre-defined list of descriptors and descriptor states to consult, it
saves a considerable amount of time. The use of lists ensures uniformity
within the genebank (and between genebanks) and reduces error. People
using the same lists at different genebanks will be able to exchange data
readily and interpret the data with few, if any, problems.
The need for descriptor lists is highlighted in table 3. Two gene-
banks want to exchange data. However, both genebanks are using dif-
ferent scales for the scoring descriptors. Data exchange is clearly a prob-
lem!
Potential difficulties in data exchange between two genebanks using
different descriptor definitions, scales or codes for scoring descrip-
tors




Different codes used for the nominal scale
Different descriptor definitions as a result of the use
of different types of scale: continuous and ordinal
Different descriptor definitions as a result of the use
of different units.
Different codes used for binary scale
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3 . 2 Conventions used in descriptor lists
Consider the following descriptor used for sweet potato:
6.1.1 Storage root formation





1 Closed cluster 3 Open cluster 5 Dispersed 7 Very dispersed
Fig. 2. Storage root formation in sweet potato
In this example and many others you will come across in the litera-
ture, you will notice that the descriptor includes:
A label (6.1.1) and a name (Storage root formation) – which clearly iden-
tifies the trait
Descriptor definition – to assist in making the observation and/or
subsequent scoring of the descriptor
A list of descriptor states (where appropriate)
Any units used (not relevant in this example)
Other conventions which are routinely used in plant genetic re-
sources documentation are as follows.
3.2.1 Ordinal scales
Descriptors are scored on a scale of 1-9
The great majority of descriptors scored using an ordinal scale can
be scored on a scale of 1-9 where the descriptor states can be interpreted
as follows:
1 = very low
2 = very low to low






8=high to very high
9=very high
The use of this convention helps considerably in the recording, modi-
fying, retrieval and interpretation of data from a wide number of de-
scriptors. You will know that “5” is always “intermediate”, “9” is always
“very high” etc. An example of the use of this scale is stress susceptibility
e.g. susceptibility to damage from low temperatures or high tempera-
tures, soil acidity and susceptibility to damage by pathogens.
You will notice in published descriptor lists that often only a selec-
tion of the states is listed, e.g. 3, 5, 7. Where this occurs, the full range of
the scale (1-9) is available by extension of the codes given or by interpola-
tion between them.
Use of other characters is restricted
There will be cases where it isn’t possible to score a descriptor on a
scale of 1-9 in which case the conventions listed in table 4 are commonly
used.
Table 4. Use of other characters when scoring descriptors
0 No expression of descriptor. e.g. 0 is scored for seed colour when no seed are produced
+
Used for the ungraded prescence of a descriptor. e.g. + is scored for “seed colour” where seed
are produced but no data are available on the seed colour produced
Where the descriptor is not uniform throughout the accession and so a number of different
X
descriptor states are observed. This indicates that the accession is heterogeneous – either
because the accession is a mixed collection or because genetic segregation with regard to the
descriptor has taken place
It’s important that the code zero (0) is reserved for cases where there
is no expression of character, rather than the situation where the real
answer is “don't know”. Odd though it might sound, it’s actually quite
important to be aware of what you “don't know” about an accession or a
group of accessions-you might want to score these descriptors at a later
date. “Don't know” as a descriptor state is commonly indicated by re-
cording a blank.
The use of the character “X” is not the only way of indicating het-
erogeneity within an accession – we’ll look at other ways in section 4.
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3.2.2 Continuous scales
3.3
It is important that any continuous scale is based on the Interna-
tional System of Units (SI) and that all units are used consistently. For
instance, plant height for a particular species should be measured in ei-
ther metres or centimetres, not sometimes metres, sometimes centimetres
– and certainly never in inches!
3.2.3 Nominal scales
When descriptors are scored on a nominal scale using numbers rather
than text (e.g. “2” instead of “farm land”), the use of 0, + and X should be
restricted in the same way as-for ordinal scales. So, if “0” is scored, this
will always mean “descriptor not observed”. It’s also helpful when the
descriptor states are ordered in a logical order where appropriate. A good












Sometimes you will need to define the descriptor states for the de-
scriptors you want to use when there are no descriptor lists published for
the crops you are using or where the published lists are inadequate for
your needs.
Statistical analyses and data transformations with ordinal scale data
are not as powerful as the analyses with continuous scale data. This is
because there is a loss of precision in the classification process. In order
to maximise the possibilities for meaningful analyses (and therefore
meaningful information retrieval), you should pay careful attention to
how you construct the ordinal scales so that the inherent variation is not
lost altogether. So, how do you determine the scale of 1-9 so that 1=very
low and 9=very high for a particular descriptor? There are three things
you could do:
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Consultation – ask the experts
Review the literature
Use a continuous scale in the first instance, subsequently analyse the
data to find out the nature of the distribution
If the data are found to be normally distributed, you could con-
struct an ordinal scale based on the mean and standard deviation. How-
ever, be careful when you construct this scale because some traits (such
as yield and stress susceptibility) are sensitive to environmental influ-
ences. This can be for a number of reasons. Firstly, many of these traits
are under the control of a large number of genes, some of which might
be sensitive to different environmental factors such as day length, rain-
fall, soil pH and so on. Therefore a particular combination of these fac-
tors might affect markedly the expression of a trait. Secondly, as a large
number of accessions are, in reality, populations (i.e. their genetic consti-
tutions are not uniform and are likely to show variation in preliminary
evaluation trials which are carried out under different conditions) there
will be a shift in the mean values for particular traits. Sometimes this
difference in performance is quite striking. Therefore the yield of a group
of accessions might vary from year to year (depending on the prevailing
conditions). So if a scale were constructed based on one year’s results, it
might be inappropriate in following years where the mean yield might
be markedly higher or lower. Also, if a new group of accessions were
received, their variability with regard to yield might be unexpectedly
high, so much so in fact that the scale might be unusable. This is particu-
larly true for accessions which have been collected from different habi-
tats.
If the distribution is found to be multi-modal and data are found to
be distributed throughout the entire range, a scale is constructed which
covers the range perhaps using regular intervals. On the other hand, if
the data are not distributed throughout the entire range and show quite
distinct modalities, the descriptor might more appropriately be scored
using a nominal scale.
A good example for this last case is flower colour: it could conceiv-
ably be scored on a continuous scale as the wavelength of light in
nanometres. However, in practice it is recorded on a nominal scale (e.g.
cream, yellow, pink, red). This is because it shows quite distinct modali-
ties; these modalities are used to define the descriptor states.
104 Guidebook for Genetic Resources Documentation
4
4.1
Dealing with heterogeneous data
We saw earlier on that genebank accessions are commonly hetero-
geneous, that is, each accession is not genetically uniform and contains a
certain amount of variation (see fig. 3). It is a tricky problem for the docu-
mentation specialist: how do you reflect this variation adequately in the
documentation system? How do you score these descriptors?
First of all, do you need to document this heterogeneity? If there’s
no current or future need, it’s a low priority so why bother? What sort of
detail do you need the heterogeneity documented -very detailed, or just
a note that the data are “variable”? What will you be doing with the data
once documented – analyses, reports, nothing in particular?
If you anticipate doing a lot of analysis in the future, there’s only
one thing you can do in practice: RECORD THE RAW EXPERIMENTAL
DATA (original observations).
If this is not possible for practical reasons, there are a number of
other approaches you can take.
Fig. 3. Heterogeneity in storage root surfaces in sweet potato
Record the mean and standard deviation
This is probably the best approach to use for continuous scale data.
It gives an idea of the mid-point of the range of values for a particular
descriptor and the extent of variation shown in the sample. It is espe-
cially useful for normally distributed data as useful predictions can be
made from these figures. However, if data show a multi-modal distribu-
tion these figures can be misleading.
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4 . 2 Record the mean or most frequently occurring state
This is an easy way out because it ignores the problem entirely: all
information on the extent of variation is lost!
4 . 3 Record the frequency of each descriptor state
If you were looking at flower colour of plants in an accession, with
this approach you’d record that, say, 25% were yellow, 10% cream, 50%
orange, 15% red and 0% purple. Genetic data are often of this form: you
can deal with them in a similar way. For example, if you had carried out
an isozyme study, you could record the percentage of plants in an acces-
sion showing each of the alleles at a particular locus.
Another method would be to list up to three codes in order of fre-
quency but not quantify them further. In both cases, however, you might
have problems in retrieving information from the system.
4 . 4 Record the range of variation
You could store plant height for a particular accession as “0.75-1.2m”;
this would tell you something about the total extent of variation but noth-
ing about where most values lie.
4 . 5 Score using a binary scale
This will indicate if an accession is heterogeneous but it will not be
able to say how heterogeneous the sample is. You would then have to
deal with the drawbacks of handling binary data: problems of data re-
dundancy, of data recording and of information retrieval.
4 . 6 Record as “variable”
This is probably the easiest way out because it ignores the problem
entirely: all information on the extent of variation is lost and there is no
indication of where most values lie.
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Where to go from here
From your analysis of genebank procedures in Chapter 4, you iden-
tified a number of descriptors which form the basis of the documenta-
tion system. You should now choose the appropriate scale for each of
these descriptors, carefully considering the following points which have
been raised in this chapter:
The ease of data of recording
The ease of data updating/modification
The ease of flexible information retrieval
The potential for data analysis/transformation
In the next chapter we’ll be looking more closely at the design of
manual forms for recording raw data and/or scoring descriptors and
the use of the these forms to assist in genebank management.
Exercises













2. State whether the following descriptors can be scored using an ordi-
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3. For each of the following examples (a-t):
(i) Whichdescriptorscanbescoredon a continuousscaleandanordi-
nal scale?
(ii) Which method would you choose and why?
a. 1000 seed weight
b. Accession number







j. Moisture content (%)
k. Monthly rainfall
l. Number of flowers per plant
m. Plant height
n. Protein content (%)
o. Seed weight
p. Seed moisture content (%)




4. The following nominal scale lists the possible sources for collecting
maize. Convert them into a list of separate binary (presence/ab-
sence) observations. How are the data best expressed – as a nominal










5. What is wrong with the following ordinal scales? Correct them where
appropriate.
a. Scale for “Plant height”:
1=intermediate to tall (1.5-1.75m)
2=intermediate (1.25-1.5m)
3=short (0.75-1.0m)





4=short to intermediate (1.0-1.25m)
5=tall(1.75-2.0m)









Scale for “Density of flesh of ripe fruit”:




9=very loose (spongy, large air cavities)










Organisation of different types of data
Chapter 6 deals with the use of manual forms in recording and organis-
ing data and looks at the organisation and operation of a manual docu-
mentation system. When you have finished this chapter, you will be able
to:
Explain why it is not always possible to record data directly into a
documentation system
Discuss design considerations for manual forms
Describe the composition and operation of a management file in
manual documentation systems
Describe ways of coping with feedback information and raw data
1 The use of manual forms
Many of the documentation procedures that you develop will rely
on the use of manual forms for recording raw data or scoring descriptors
even if you are using, or are planning to use, a computerized documen-
tation system.
We saw earlier how helpful it is if the documentation is an integral
part of the genebank procedure. Such integration is necessary to avoid
the duplication of effort. You should therefore look at the genebank pro-
cedures to see how practical it is to record data irectly into the docu-
mentationsystem.If directdataentry is not possible,it’s usuallyfor the
reasons set out below.
1.1 Direct data entry is impractical
If you have a computerized documentation system and you are do-
ing field evaluations or working in the seed store at -20°C, you can’t
really carry your computer around with you (and you probably wouldn’t
want to anyway!). In such cases you should take a notebook or a data
logger with you which you can use to record data. You would later transfer
these data to the documentation system.










Data analysis required before documentation
In some cases it's not possible to score the descriptors directly as
you need to do some collation and analysis of the data beforehand.
Operational difficulties
If you are recording data from a chain of procedures it might not be
possible to record the data directly for operational reasons.
For instance, if you are operating a computerized documentation
system with one computer, you can imagine the situation where several
people will be waiting to use the computer to record the data before con-
tinuing with the rest of the procedure. This would actually slow down the
operation of the genebank procedure – clearly a situation to be avoided!
In this particular case you would probably record the data on manual
forms and enter the data in the system at a later stage, or – better still –
have one person dedicated to data entry.
In a manual system, a form could be developed for a chain of proce-
dures which can be used by different people. Problems would arise if
people needed to record data on the form at the same time. This would
slow things down. In this case you might have to divide the descriptor
set into smaller but meaningful descriptor sets and develop separate forms
for each of the smaller sets: the forms would then be used by one person
at a time.
Table 1 will help you clarify which descriptor sets can be scored
directly and which cannot.
Possibilities for direct scoring of descriptors in a documentation sys-
tem and the requirements for analysis
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2 Design of manual forms for computerized and manual
documentation systems
It’s important that any forms used, whether for a computerized or
manual documentation system, are user-friendly to ensure data integ-
rity. Typically, you can use two sorts of design of layouts: column lay-
outs (for several accessions) and a page layout (for a single accession).
Let’s look at these in more detail.
2 .1 Column layouts (several accessions)
Columns are very practical as they are easy to use. Each form should
be:
Easy to fill in
Easy to update (where appropriate)
Easy to read
The following points should give you ideas on how to design a page
layout with columns.
2 .1 .1 Use pre-printed forms or ruled paper
Try wherever possible to use pre-printed forms when recording data
– it will make the task so much easier. You can design these on a word
processor if you have one.
If you cannot use pre-printed forms, use ruled paper. Don’t try to
write on paper with narrow ruled lines otherwise you will run into prob-
lems of space especially if you have large handwriting. As a result the
form will be untidy and difficult to read. What is the best way to get
round this problem? Don’t use the narrow ruled paper in the first place –
use paper with wider ruled lines instead. Also, draw the columns clearly
with a fine point pen or sharp pencil and a ruler – don’t use anything that
comes to hand like a cigarette packet or the edge of a comb(!). Keep the
columns parallel as you don’t want them to get narrow at the bottom of
the page.
2 . 1 . 2 Make each column wide enough
It’s a great temptation to try to put as much data as possible on one
page by having numerous, narrow columns on the page. Don’t! It will
make data recording and retrieval much more difficult: you will have
difficulty writing in the narrow columns and difficulty reading your writ-
ing afterwards. There will also be the temptation to invent short-hand
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codes at the time of recording so that you can comfortably fit the data
into the column. This will be disastrous later on when you have difficulty
in remembering what all the codes mean.
If you are having trouble with narrow columns you can:
1. Turn the paper around so that the top of the page becomes the side
of the page – so-called landscape orientation (see fig. 1). This will





Fig. 1. Examples of portrait orientation and landscape orientation
2. Use wider paper, but not so wide that it becomes cumbersome.
3. Consider using numeric codes as described in Chapter 5 – if you’re
not using them already.
4. Ask yourself whether you are trying to record too much data on the
form and if so, whether the data could be divided into smaller, mean-
ingful sets that can comfortably fit on separate pages or forms.
2 . 1 . 3 Arrange the columns to help data recording and retrieval
You should arrange the columns in an order which helps you record
and modify the data, particularly if you are transferring the data from
lab books or other forms where the data have already been recorded in a
regular order. Therefore use the same order as is in the lab books and on
the documentation form. If you don’t do this you will waste time reorga-
nising the data each time you transfer them and you might make mis-
takes:
For manual systems: If you know that you will be modifying data at
a later date (e.g. amount of seed in store), it’s helpful if you adopt the
convention of putting these data in columns near the right hand side.
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You should also arrange the columns to help you retrieve the data.
Therefore for all accession-specific data you should use the first column
of all forms for the accession number. Where appropriate you could use
the next three columns for the scientific name, batch reference and date
of test (see fig. 2).
Accession number Scientific name Batch reference Date of test  Test 1 Test 2  Test 3
Fig. 2. Example of columns arranged to help data recording and retrieval
If all the forms (where appropriate) are structured in this way, it
will help you retrieve information from many different forms as you will
know where to look.
2 . 1 . 4 Be consistent in the arrangement of columns
You should stick to the order of columns that you have chosen. You
should not change the order unless there are problems with data record-
ing-and retrieval. Alter the column width if it will help data recording,
but if you change the order of columns it will cause confusion when you
are browsing through several pages.
2 . 1 . 5 Include a “comments” column
If you have room, it’s always useful to include a column where com-
ments or remarks can be written. Put the comments column on the far
right hand side of the page and make it fairly wide.
2 . 1 . 6 Give your form a title!
If you are designing pre-printed forms, don’t forget to give them
titles and a short explanation if necessary – you don’t want people to use
the wrong form. If you are not using the reverse side of the sheet, con-
sider using the space for giving an explanation of the form and any cod-
ing systems used.
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2 . 1 . 7 Try out several designs; determine which is most user-friendly
This is very important. Mistakes can easily creep into a documenta-
tion system at data entry so make sure that the form is as easy to use as
possible. Try out a few designs and find out which design the users pre-
fer. Don’t choose a design which is awkward to use! The following ex-
amples of a bad page layout (see fig. 3) and a more usable page layout
(see fig. 4) illustrate some points for you to bear in mind when designing
your forms.
No title or explanation – difficult Page in portrait orientation. Not enough
to identify what data set is recorded space across page to hold data easily
Accession Number Name Batch reference Storage location Amount (kg)
Wasted space
Column not wide enough for
data recorded
No column included for comments
Columns separated by untidy hand-drawn
lines – difficult to keep parallel, so space for
data entry varies down page
Fig. 3. Example of a bad page layout
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Full use made of space on the page
Title facilitates recognition Description of data stored Page in landscape orientation, giving
of data set recorded more space for data entry
EGRU GENEBANK – INVENTORY RECORD SHEET FOR ACTIVE COLLECTION
This sheet is the key document for germlplasm storage data in the active collection 01-Jan-1990
Accession Scientific name Batch Storage Amount Comments
number reference location (kg)
EGRU 420 Hordeum vulgare 16-Feb-1991 A31232 1.21
EGRU 421 Triticum aestivum 31-Jan-1990 A31113 2.43
EGRU 422 Secale cereale 01-Nov-1990 A31333 0.94
EGRU 423 Oryza sativa 15-Nov-1990 A31151 1.79
Columns wide enough to Columns separated clearly
accommodate data with straight lines
Column included for
the recording of comments
Fig. 4. Example of a good page layout that facilitates data recording and retrieval
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2 .2 Page layout (single accession)
You should use this sort of layout where you are recording a lot of
data for a particular accession. A good example is a form used by plant
collectors where many data and miscellaneous observations need to be
recorded.
With a page layout you have considerably more freedom in where
you can place descriptors on the page. With page layouts you can use:
A mixture of columns or text boxes
Multiple choice questions to assist the user
Comments to assist the user
Don't get carried away with this extra freedom and end up with a
form which is cluttered, confusing and not so easy to use. Be careful when
designing the layout on a word-processor – it's sometimes difficult to
know how practical certain designs are. Try out a few different layouts
to find out which layout is easiest to use.
Many of the design considerations we discussed with column lay-
outs also apply to page layouts, namely:
Try to use pre-printed forms, otherwise use ruled paper
Draw the columns or boxes neatly
Make each column or box large enough to accommodate data
Aim for consistency in different layouts
Include space for “comments”
Give your form a title and give indications for use
Try out a few designs; choose the most user-friendly design
There are a few other points that should be considered for page lay-
outs.
2.2.1 Make full use of the page
Make full use of the page – don’t cram descriptors into a small area.
Decide how much room is needed for each item. If space is not lim-
ited, be generous – give each item plenty of space to allow easy record-
ing. Where the data is recorded next to the title of the field, leave enough
vertical space (as well as horizontal space) to record the data.
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2 . 2 . 2 Use text boxes for emphasis only
Use text boxes for emphasis. Use them for emphasising descriptors
that you will want to locate quickly such as the accession number. Don’t
use them routinely for all descriptors as it will make the page difficult to
read. A few well placed text boxes are very useful in locating data at a
later stage.
2 . 2 . 3 Use different styles of text sparingly
Some layouts look aggressive with large, bold, titles and excessive
explanatory notes. Sometimes these forms have little room for data re-
cording! If you are designing the form using a word processor, remember
that you have different styles of text (e.g. bold, italic, underline). Use them
sparingly and for emphasising important parts of the text.
As a general rule, do not mix the different styles together, use one
style at a time.
Organisation of a manual documentation system
This section deals with the organisation and operation of a manual
documentation system. Even if you are operating or plan to operate a
computerized system, the section is relevant as you are bound use some
manual forms in your documentation procedures which can later be used
as a back-up for the main system.
The secret to designing a good manual documentation system is to
design one which is:
Simple
Easy to understand – coupled with well defined documentation pro-
cedures
Easily accessible – for the people who will use it
The stages that you should follow in building a manual documenta-
tion system are illustrated in fig. 5.
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3 .1
Decide whether to use a management file From your analysis, you will have developed
sets of descriptors for particular genebank
procedures. Some of these descriptors can
be collated to form a single file for management
of the collection. If you decide to use a
management file, you will have to give careful
thought to the operation of the documentation
procedures.
Develop manual forms Forms should be developed for recording raw
data and scoring descriptors. Several designs of
forms should be tested and the most user-friendly
design should be used. We have seen that
descriptors can sometimes be scored directly
and therefore separate forms are not necessary.
Organise forms into separate files The forms that are used for documentation should
be stored in files according to subject area.
e.g. “Seed viability testing”, “Sample registration
(accession)” and so on.
Develop documentation procedures Procedures should be developed to ensure that
the manual documentation system is operated
correctly. Users of the system should be instructed
how to fill in the different forms and how to operate
the filing system.
Fig. 5. Stages of building a manual documentation system;
Use of a management file
Genebanks which run only manual documentation systems com-
monly operate a management file which contains the essential manage-
ment descriptors collated from the different genebank procedures. Such
a management file might contain some or all of the descriptors listed in
table 2. Further descriptors, including descriptors for field and in vitro
collections can be found in Chapter 4.
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Total weight of seed
1000 seed weight
Minimum amount of seed allowed
Moisture content
Viability (%)
Date of viability test
Date of next viability test
Date of supply (distribution)
Amount of seed sent (distribution)
Recipient code (distribution)
(Other descriptors)
Forms can be designed which contain these and other descriptors.
Since there are a comparatively large number of descriptors and poten-
tially more than one batch reference for each accession, genebanks com-
monly use one form per accession (see fig. 6).
















% viability Date of next test
Fig. 6. Example layout of a management file (single accession)
It’s very important that the management file is updated as a routine
part of all genebank procedures which produce management data. In
practice, the files concerned with seed handling will commonly contain
the raw data, the descriptors being scored in the management file. This
avoids any discrepancies in different parts of the documentation system
as the descriptors are scored in one place only.
Materials
In a manual documentation system you will probably use some of
the following materials, either writing on them by hand or sometimes
using a typewriter:
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These different materials are sometimes
called storage media.
You should not record the data in an arbi-
trary or random fashion on these storage me-
dia, you should design a page layout which will
help you record and retrieve data for each de-
scriptor set you have identified.
Notebooks can be used if the descriptors are the same for all acces-
sions and the pages do not need sorting later on. If you organise data
into columns in the book, you will be able to record (and retrieve) data in
a straightforward way. You might consider using notebooks for regis-
tration or germplasm distribution. You probably would not use
them for address lists unless you had divided the book into sepa-
rate sections.
File cards are very useful for recording small amounts of data
about a single item such as a genebank accession or an address.
Use file cards when you want to sort the items later on and when
you don’t need to make quick searches for the same data over
many germplasm samples. You can use them for address lists as
these are always being updated but you probably would not use them
for passport data (too much data) or characterisation data (need to make
comparisons of many samples).
Loose leaf sheets are the most flexible but this
depends on how they are being used. If you are
storing data on one accession per sheet, they are
like file cards in that you can sort them easily af-
terwards but with the added advantage that you
can store more data. (Unfortunately, like file cards,
they can be easy to mislay unless you are care-
ful!). If you are storing data on more than one
accession per sheet they are like notebooks (for
ease of recording/retrieving data and direct com-
parisons between accessions) but with the added
advantage that you can sort the sheets afterwards.
For these reasons, loose leaf sheets are very widely
used.
These features are summarised in table 3.
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Table 3. Comparison of different storage media
Books: 1 accession per
page
Difficult or impossible Large Poor
Books: > 1 accession
per page
Difficult or impossible Medium Moderate to good
File cards Good Small Moderate
Loose leaf sheets:
1 accession per page
Good Large Poor
Loose leaf sheets: Difficult or impossible Medium Moderate to good
> 1 accession per page
You can store the loose leaf sheets in the following:




You can store the file cards in a box or sliding trays. To simplify the
discussion, we will call the different storage units f les. Files should be
clearly labelled so that their contents are obvious. If they are part of a
series, this should be indicated. It’s a good idea to include at the front of
the file, instructions on how to use it and descriptions of any coding
systems used. Also, all sheets stored in the same file should have the
same format.
If possible, all files should be stored in the same place – you don’t
want to go from room to room to find different files. They should be
easily accessible – you should not have to stand on a chair to get the files
down. If space is limited, lab books and notebooks which are only re-
ferred to occasionally can be stored in less accessible places.
3 . 3 Making data easy to read
How can you arrange data on paper so that they are easy to read?
It’s simple – you need to develop a clear layout, i.e. how the data will
appear on the page. Let’s look at an example. Consider this address list
of five International Agricultural Research Centres:
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CIAT Centro International de Agricultura Tropical Apartado
Aereo 6713 Cali Colombia Phone: (57-23) 675050 Fax:
(57-23) 647243 CIMMYT Centro Internacional de Mejoramiento
de Maiz y Trigo PO Box 6-641 Mexico 06600 D.F. Mexico
Phone:(52-5) 954 2100 Fax:(52-5) 954 1069 CIP Centro
Internacional de la Papa Apartado 5969 Lima Peru Phone:
(51-14) 366920 Fax: (51-14) 351570 ICARDA International
Center for Agricultural Research in the Dry Areas PO Box
5466 Aleppo Syria Phone: (963-21) 213433 ICRISAT
International Crops Research Institute for the Semi-Arid
Tropics Patancheru P.O. Andhra Pradesh 502 324 India
Phone:(91-842) 224016 Fax: (91-842) 241239
Do you find it easy to read? Can you easily find the telephone num-
ber for CIP? What is the telephone number for CIMMYT? What would
happen if you arranged it differently.
This format is easier to read but could still be improved further.
CIAT Centro Internacional de Agricultura Tropical Apartado
Aereo 6713 Cali Colombia Phone: (57-23) 675050 Fax:
(57-23) 647243
CIMMYT Centro Internacional de Mejoramiento de Maiz y
Trigo PO Box 6-641 Mexico 06600 D.F. Mexico Phone: (52-5)
954 2100 Fax:(52-5) 954 1069
CIP Centro Internacional de la Papa Apartado 5969 Lima
Peru Phone:(51-14) 366920 Fax: (51-14) 351570
ICARDA International Center for Agricultural Research in
the Dry Areas PO Box 5466 Aleppo Syria Phone: (963-21)
213433
ICRISAT International Crops Research Institute for the
Semi-Arid Tropics Patancheru P.O. Andhra Pradesh 502 324
India Phone:(91-842) 224016 Fax: (91-842) 241239































Institute for the Semi-Arid
Tropics
Patancheru P.O.













By arranging data carefully, it can be much easier to use. It may
take up more space but it will save you a lot of time in the long run.
Importance of arranging data in a useful order
We have seen that you should arrange the data into a useful order,
an order which helps you retrieve data and information. This order will
not always be accession number order. It could also be by crop name,
species name, date of trial, date of distribution, etc. In theory you could
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sort on the basis of any descriptor but it would have to be both a useful
order and a practical order. Remember that an order which is useful for
data retrieval may not always be practical for data recording and data
modification: you sometimes have to make a compromise. If an inap-
propriate order were chosen, you would spend too much time:
Recording data in the system
Keeping the system up to date
Retrieving specific data
In a manual system you’ll have to decide which is the most useful
order at the beginning as it's more work if you change your mind later on.
3 . 4 . 1 Sort data before recording them
When recording data about several accessions on one form, it will
help considerably if they are sorted in a sensible order prior to recording
e.g. in accession number order. This will help all future updating of data
and information retrieval.
3.4.2 Anticipate multiple records
Often you can record one genebank accession per line. So, on a form
with 20 separate lines, there might be 20 separate genebank accession
numbers (sorted in order, of course). However, there will be occasions
where you will need to make more than one entry for each accession. For
instance in an inventory file might need to store more than one batch of
seed: sometimes these additional entries will be added at a later date. If
you haven't reserved space for these additional entries, where are you
going to put them? Your documentation system might start getting un-
tidy.
Let's illustrate this point by looking at part of an inventory file in
fig. 7. Where would you put a new batch for accession 100? It's a prob-
lem!










Fig. 7. An inventory file form with no space allowed for new batches
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If you had reserved a couple of lines for new batches, it would be a
lot easier. See fig. 8.









101 Zea mays A10102 4.94
A10214 5.20
102 Zea                       -Jun-1986 A10103 3.90
Fig. 8. An inventory file form allowing space for new batches
Another point to take note of is that since the accession number and
scientific name are the same for each batch of an accession, you only
need to record these data for the first batch reference on this form. This
will make the form easier to read.
3.4.3 Anticipate future data updating
Sometimes you will have to change the data that you have recorded
on a form as a result of certain genebank operations. So, for the inven-
tory file, you need have to change the “seed weight” every time you
remove seed from the store. If you had a narrow column on the form
you would have to erase the existing seed weight (with a pencil eraser or
correction fluid) and write in the new seed weight. If you had to do this
many times, it might become difficult to read the recorded value. To
avoid this problem; you could make the column wider and simply cross
out the old value and write in the new value (fig. 9).
Fig. 9. Columns with enough space for data which need updating
18-Ju l -199
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3.4.4  Use “flags”
If you are transferring data from notebooks to the documentation
system, it’s a good idea to get into the habit of putting a small tick  or
other “flag” in the top right hand corner when all the-data on that page
of the notebook have been transferred. This is particularly useful when
you are transferring data to more than one place in the documentation
system as you want to know whether the data have been transferred. A
flag can similarly be placed in the documentation system when all pos-
sible data have been entered on a particular page. That way, you will
know whether any data are missing.
3 . 5 Coping with feedback infomation
In Chapter 3, we saw that data on genebank accessions do not only
come from genebank operations. Other people may be using the germ-
plasm as well and the chances are that they will be generating their own
data. If work is being performed on behalf of the genebank, such as an
evaluation trial, supply manual forms or computer formats for record-
ing these data.
Other feedback data will be group data or accession-specific data
published in reports, theses, literature references, conference proceed-
ings or from unpublished observations from field trials or verbal com-
munications.
Remembering that you want good data in your documentation sys-
tem, you need to decide:
The need for documenting these data
The priority for documentation
The information requirements from documented data
Commonly you should keep a reference to the source of the infor-
mation (i.e. the literature reference) rather than try to incorporate de-
tailed data into your system.
If there is a limited amount of feedback information, the simplest
approach would be to have an information sheet for each accession. Use
this sheet for all literature references concerning the accession in ques-
tion and any vague comments (“high yielding variety”) or specific infor-
mation (“percentage leaf mineral content”). You might also attach to the
sheet any letters or communications concerning the accession and store
these in a file in accession number order. Make an information sheet
only for accessions which have information, you don’t need to make blank
ones.
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3.6 Keeping track of raw data
There will be occasions when you will want to look at the raw data
or to find out the precise conditions of a characterisation trial. In these
cases, you'll make a reference to the source of the raw data in your docu-
mentation system. This means that you’ll have to keep the raw data, not
throw them away!
How can you keep track of the raw data?
3.6.1 Keep a diary
Diaries or wall-charts (see fig. 10) are useful for planning your work
and making the best use of your time. They will not form part of the
formal documentation system as such but it will be a useful tool for plan-
ning and a later source of information. Of course, if you work in a large
genebank, it would be difficult to keep a diary of everything that goes on
in the genebank but in smaller genebanks, the diary can be a useful source
of information later on.
Fig. 10. Example of a wall-chart diary
3.6.2 Keep the original lab notebooks
Some people keep notebooks (or sheets) which they use to record
the data on a day to day basis from their experiments, perhaps writing
these data up more tidily later on (as reports) and/or formally recording
them in the documentation system.
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These notebooks should be kept, not thrown away. They should be
filed according to subject and date so that the raw data can be located
later on. The time period that each notebook or file represents should be
clearly marked on the cover of the notebook/file (e.g. March 1990 – No-
vember 1991).
3 . 6 . 3 Make a reference to the source of the raw data in your
system
For many genebank operations (regeneration, characterisations,
evaluations) you can store the date of the tests in your documentation
system so that you can locate the raw data at a later date. So, if an evalu-
ation trial was started on 23-May-1990, the date of the trial is recorded in
the documentation system and the original notebook is available for fu-
ture reference.
Where to go from here
Manual system only: decide whether to operate a management file.
Determine how this file will be kept up to date in the different gene-
bank procedures
Draw up a list of forms which need to be developed
For each form, experiment with a few designs to find the one which
is most practical and user-friendly
In Chapter 10 we will return to ways of implementing the docu-
mentation system. Chapters 7, 8 and 9 deal specifically with computer-
ized documentation systems.










Indicate whether the following statements are true or false:
a. Manual forms are used only for manual documentation systems
b. It is preferable to use pre-printed forms
c. It is a good idea to design forms which can accommodate as
much data as possible
d. A manual documentation system can be used as a back-up sys-
tem for a computerized documentation system
e. It is possible to design more than one management file
f. Consistency is ensured when management descriptors are scored
in more than one place
g. All manual documentation files should be sorted into accession
number order
h. Raw data do not form part of a documentation system and should
be discarded
i. Lab notebooks should be filed according to their accession num-
bers
List the occasions when it is not possible to record data directly into
a documentation system.
How would you design a data entry form to make it user-friendly?
List the stages of building a manual documentation system.
What sort of data should a management file contain? Explain how
you would operate the management file to avoid discrepancies with
other files.
Why should data be arranged in a useful order in a documentation
system? What are the consequences of using an unsuitable order?
How can you deal with feedback information in a documentation
system?
Why is it a good idea to keep raw data? Discuss ways that you might
use to keep track of raw data.
Chapter 7
Computer basics
Chapter 7 will introduce the basic features of computers – what they
consist of, how they are operated and their use as tools for carrying out a
wide range of activities. When you have finished this chapter you will be
able to:
List common microcomputer uses
Describe a typical microcomputer set-up
Define some basic terms used regularly when discussing comput-
ers
Explain in general terms what a microprocessor does
Explain the uses of different computer disks
Describe the function of an operating system and two different types
of user interface
Discuss how microcomputers differ in microprocessor design and
the operating system they use
Be aware of whether or not software will operate in a given hard-
ware set-up
1 In t roduc t ion
If you have never or only rarely used computers, one of the biggest
problems to overcome when learning about them is the highly technical
language that is often used. Sometimes it can be quite intimidating. The
acronyms, abbreviations, strange words (some of which are quite funny),
and strange concepts can seem like a lot of nonsense. You might ask
yourself “What do I need to know to use a computer?”
Think about when someone is learning to drive a car. They are taught
the basics of how to operate the vehicle, not how the internal combustion
engine works. Being unable to replace the engine doesn’t make someone
a bad driver. But knowing some basic information about how the car
works would help if, say, the engine failed to start.
You can think in the same way about computers. You have to learn
how to use them for specific applications and generally know how to
“drive” them. But they can be valuable tools without you knowing all
there is to know about them. The more that you use computers, the more
knowledge you’ll gain. But you shouldn’t acquire this knowledge at the
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expense of losing sight of why you acquired the computer in the first
place – as a tool.
This chapter introduces some basic information you need to know
to be able to use computers, focussing on the kind of computer most
commonly used in the laboratory, office and home. These are called per-
sonal computers (usually abbreviated to PCs) or microcomputers. They are
sometimes referred to as desktop computers as they can be used on a
normal office desk.
The basic features of a microcomputer set-up are discussed along
with how (and why) microcomputers differ from one another. As de-
tailed operating instructions differ with the various types of microcom-
puters, these are not covered here.
Computer technology
Computers are being used increasingly in everyday situations. They
are becoming an integral part of the way we live. One of the main rea-
sons for this is the rapid technological advances in recent years that have
enabled the electrical components used in the manufacture of comput-
ers to be mass-produced very cheaply.
2 . 1 Chips and microprocessors
Fig. 1. A typical microchip
Silicon chips, microchips or just chips are thin slices of silicon (around
1mm thick) which contain several thousand electrical components, so
small that you would need a microscope to see them. They are very pow-
erful devices which have an enormous number of applications in the
electronics industry.
A microprocessor is a very powerful chip which controls the other
components of a given system. The components controlled by a micro-
processor might be different chips or separate pieces of electrical equip-
ment. For example, a microprocessor working with other components
will perform the calculations on a hand held calculator, set the exposure
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level on a camera and control the conditions in an electrophoresis ex-
periment. There are literally thousands of situations where microproces-
sors are used. Does this mean there are thousands of different micropro-
cessors, one for each situation? The answer is no.
A microprocessor has to be instructed what to do and how to oper-
ate. These instructions are contained on a separate chip. This means that
the same microprocessor with different sets of instructions can be used
for many different applications. Despite this, there are numerous de-
signs of microprocessors, some more powerful than others, which are
used for quite different purposes. For instance, a microprocessor used
for aircraft navigation is likely to be more powerful than one used for
alarm clocks.
2 . 2 Computers as tools
In the examples listed previously, the microprocessor is dedicated
to one specific task. This is not true for the microprocessor in a micro-
computer. It can be made to perform a variety of different tasks if given
the relevant instructions. This means that the computer can be used for
many different applications including: database management, word pro-
cessing, accounts management, desktop publishing, graphic design and
even for sending faxes. The computer is therefore a very flexible tool.
Since computers can be a valuable part of a genebank documenta-
tion system, we need to study them more closely,
3 Features of a typical microcomputer set-up
Definitions: HARDWARE
The name given to all the physical items which comprise a
computer.
PROGRAM
The name given to a series of logical instructions to the computer
which perform a particular task.
SOFTWARE
The general name given to a program or group of programs which
perform a particular task e.g. software for database management, soft-
ware for word processing.
Note: The termssoftwareandprogramareoften usedinterchangeably.






Fig. 2. A typical microcomputer set-up
A standard microcomputer hardware system is illustrated in fig 2.
Typically it comprises a monitor, keyboard, a system unit containing the
microprocessor,a printerandoftena mouse.
3 . 1 Computer keyboard and monitor
Fig. 3. (a) Typical computer keyboard. (b) Typical computer monitor
There are two ways of giving instructions to a microcomputer. The
first is to typeinstructionson a typewriter-likekeyboard (seefig. 3a).All
microcomputershavea keyboardanda monitor (or visual displayunit)
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which displays what has been typed in (see fig. 3b). Instructions could
be to start running some software. Or if software is already running and
a document or file is being produced, the monitor displays what has
been typed.
There are many different types of monitors available which vary in
terms of the resolution capabilities, their hardware and software require-
ments and, of course, their price. From the lowest resolution to the high-
est resolution, these types of monitor include: Colour Graphics Adapter
(CGA), Enhanced Graphics Adapter (EGA), Video Graphics Array (VGA)
and Super VGA. When choosing an appropriate monitor there are many
technical considerations to be addressed. For instance, if you were doing
a lot of work with computer graphics, you would need a monitor with a
high resolution such as Super VGA. Also, s me specialised applications
require the use of touch sensitive screens to enter information – the user
simply touches an area of the screen. In all cases you should try out the
monitor with the hardware/software combinations you will be using to
check the quality of the display.
Computer mouse
Fig. 4. Typical computer mouse
The second way of inputting instructions is by using a computer
mouse. Many, but not all, microcomputers have a mouse attached. The
mouse is a small, hand-held plastic box with one or more buttons on top,
connected by a cable – or by radio signal in which case no cable is needed
– to the system unit or sometimes to the keyboard (see fig. 4).
When the mouse is moved on a flat surface, usually an area next to
the keyboard, there is a corresponding movement of a pointer on the
screen. The pointer is often a  arrow. Instructions are given by pointing
at, clicking on and dragging objects displayed on the screen. Very little
typing is involved. Graphic programs are usually difficult to operate
without a mouse.




The brain of any computer is a microprocessor inside the system
unit (see fig. 5.). This essential microprocessor is called a CPU or central
processing unit. It controls the other components of the system, including
other chips.
Fig. 5. A typical system unit
Special chips called memory chips are connected to the CPU. The
computer memory is the computer’s electronic working space. The size
of working space affects the size of program a computer can handle and
the speed a program can run.
A computer has different types of memory which are used for dif-
ferent purposes. Random access memory or RAM is the part of the memory
usually used when working with programs or files. It is used for infor-
mation which is referred to at random. Information contained in the RAM
is lost when the computer is switched off.
The second type of computer memory is read only memory or ROM.
As the name suggests, this type of memory contains information which
can be read but not changed. The instructions a computer needs in order
to start working when the power is switched on are contained in ROM.
Information contained in ROM is not lost, even when the computer is
switched off.
The system unit also has sockets to which you can attach the key-
board, monitor, printer and other equipment.
Computer disks
Computer disks are storage devices. You can store programs and
your valuable data on them.
It’s rather like using cassettes in a cassette/radio; you can record
music on a cassette and play it back later on. If you decide you don’t
want the music any more you can erase it by recording new music on
top of the old music. Similarly, the computer can be instructed (using the
keyboard or mouse) to use (or play back) the programs and/or data
stored on the disks. If you decide you don’t want to store specific pro-
grams or data any more, you can instruct the computer to erase them.
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There are two sorts of computer disks, hard disks and floppy disks. These
are discussed in the following sections.
3.4.1 Hard disks
Hard disk drive
Fig. 6. Schematic representation of a computer hard disk
Most computers have what is called a hard disk. Most hard disks are
stored permanently inside the system unit and are not removable. They
normally have a large storage capacity and you’ll commonly use them
to store all your programs and data. Hard disks work faster than floppy
disks when storing and retrieving data or programs.
3.4.2 Floppy disks
Fig. 7. Two common floppy disk sizes: (a) 3½ inch (b) 5¼ inch
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The second sort of disk is called a floppy disk. There are two sizes
commonly used, 3½" and 5¼". Different types of floppy disks can store
varying amounts of data, but they all have a much smaller storage ca-
pacity, often one hundred times smaller, than hard disks. They do however
have the advantage of being very portable so you can carry your work
around easily. Floppy disks are commonly used for putting new pro-
grams or data onto the hard disk or transferring programs/data between
different computers. You’ll find them very useful when you exchange
data with other genebanks.
Floppy disks store data through the action of a magnetic head writ-
ing on to the disk surface. You must take care to not expose any disk to
a magnetic field as the data stored can become corrupted or erased. Mag-
netic fields can result from radiation emitted from behind computer moni-
tors, magnets and other electrical appliances. Floppy disks are not dam-
aged when exposed to x-rays.
Because floppy disks, especially 5¼ size, are made from a light and
flexible plastic, they should be packed in a cardboard or other rigid box
before transportation or posting to avoid damage.
3.4.3 Formatting disks
Any disk must be prepared before it can store information. This
preparation process is called formatting. It organises the surface of the
disk to allow information to be stored-and read. Formatting will erase
any information which is already stored on a disk. You should consult
your main computer manual for instructions on how to format disks.
3.4.4 Disk drives
Floppy disk drive
Fig. 8. Location of floppy disk drive on a typical system unit
The system unit contains spaces for computer disks. These spaces
contain devices which copy information onto and retrieve information
from the disks. These devices are known as disk drives. Floppy disk drives
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are situated in visible slots on the system unit. However, the hard disk
drive is concealed inside the system unit.
3.4.5 CD-ROMs
CD-ROM (compact disk read only memory) is an adaptation of audio
technology which uses disks identical in appearance to audio compact
disks or CDs. These disks are also referred to as optical disks. Using a CD-
ROM is a compact way of storing large amounts of data. It allows the
user to access large data files (often literature databases, images, illustra-
tions and complete text works) which would take up too much space to
keep permanently on a standard microcomputer. The actual CD is very
portable, but in order to read the data, a different type of drive, a CD-
ROM player (see fig. 9), must be attached to the system unit.
Fig. 9. A typical CD-ROM player and optical disk
Recent developments in CD-ROM technology have made it pos-
sible to both read data from and write data to optical disks. One example
of this technology is a device known as a WORM (write once, read many)
optical disk, which allows you to store data once, but read it as many
times as you wish. This latest technology is not yet in widespread use.
Until it becomes more common, most available CDs will allow you only
to look at the stored data, rather than change existing data or add new
data.
3.5 Computer printers
Frequently you will attach a printer to the computer for printing
letters and other documents. There are many different types and models
of printers available and the most common types are given in the follow-
ing list.





Daisy Wheel Printer: This is a very basic type of printer, which gener-
ates characters in the same way as a typewriter – by striking an
inked ribbon with a moulded character. This type of printer can be
very noisy.
Dot Matrix Printer: This is another basic model of printer, which gen-
erates characters by electronically manipulating a matrix of tiny
needles to form the required characters. The quality of characters
generated by these printers is not high, but they are relatively inex-
pensive, fast and versatile. They can also be very noisy (see fig. 10a).
Ink Jet Printer: This is a “non-impact” type of printer. Electronic com-
mands instruct ink drops to be squirted onto the paper to form the
characters. The output quality is much better than with dot matrix
printers and they are much quieter, but also are more expensive.
Laser printer: These printers use laser technology to produce high
quality images for both text and graphics. Most offer a wide selec-
tion of fonts. They are more expensive than many other types of
printers (see fig. 10b).
Dot matrix and daisy wheel printers are the most basic types of
printer, but will be quite adequate for printing simple reports. However,
if you have access to another type of printer such as an ink jet printer or
a laser printer, you will find them more flexible for printing reports and
letters and they have the potential to look more professional.
Different printers can use different languages to describe the way
images or text appear on a page. These are called Page Description Lan-
guages. Some printers are able to print pages in different languages.
PostScript™ is an example of a commonly used page description lan-
guage.
(a) (b)
Fig. 10. Typical computer printers: (a) Dot-matrix (b) Laser
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3.6 Other equipment
Other equipment can be attached to the computer which can en-
hance its operation and usefulness. Some of these are discussed in the
following sections. Remember that computer technology is constantly
evolving so try to keep yourself informed with the exciting new devel-
opments by reading computer magazines and journals.
3.6.1 Uninterruptable power supplies (UPS)
Power cuts are a source of worry for people working with comput-
ers because when they happen, work can be lost, files become damaged
and data corrupted. You can protect your system from power cuts by
using an uninterruptable power supply (UPS). A UPS acts as an interface
between your computer and the main electricity source; when the UPS
detects a drop in power or a loss of power altogether, it immediately
steps in and supplies power from its own batteries. It cannot supply
power indefinitely but will give you enough time to save your work and
exit the application you are using. A UPS is therefore highly desirable if
power cuts do occur from time to time at your place of work.
3.6.2 Voltage regulators
A voltage regulator is designed to protect your system against any
fluctuations in the power supply such as a surge or drop in power. Such
fluctuations can have disastrous consequences ranging from erratic be-
haviour of the equipment (leading to data loss) to widespread and ir-
reparable damage to the system which might happen if the building were
struck by lightning. A voltage regulator is therefore highly desirable if
power fluctuations do occur-at your place of work. You-can often buy a
UPS and voltage regulator combined in the same unit – check with your
computer dealer for more information.
3.6 .3 Modems
A modem (see fig. 11) converts signals generated by a computer
into a form suitable for transmission over a telephone line. A modem at
the receiving end converts the signals back for use by the receiving com-
puter. A modem therefore allows communication between computers.
Modems are commonly used to access remote computers which contain
large databases (e.g. literature databases) or specialised software (e.g.
for molecular biology). The remote computer might also have an elec-
tronic mailbox facility which allows you to send and receive electronic
messages all over the world. Also, specialised modems (so called fax
modems) allow you to send and receive faxes.
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Fig. 11. A typical modem
3.6.4 Scanners
In the same way that a photocopier makes an image of a page and
prints it, so a scanner can make an image of a page and store it as a
computer file. Scanners are widely used in scientific work in the analysis
of electrophoretic gels. In the office, scanners together with specialised
software, are useful for reading text from a page and converting to com-
puterized text thus avoiding tedious retyping.
3.6.5 Pen input devices
Pen input devices allow a direct but manual way of entering data or
images into the computer. One common way is to use a graphics tablet.
This is a flat plate on which the paper containing the image is placed;
using a special pen, a series of positions on the paper can be marked and
these are fed directly into the computer. This process is commonly called
digitisation. This has great application when dealing with data from maps.
Another pen input device which has great application is the use of a
light pen (or bar-code reader) to input data from bar-codes. As we saw in
Chapter 5, bar-codes are being increasingly used for inventory manage-
ment in genebanks and if the technology is available to you, consider
using these to assist you in your work.
3.6.6 Additional storage devices
It’s possible to buy additional disk drives for your computer, from
conventional 3½" and 5¼" disk drives to removable cartridges which
have a similar capacity to hard disks. You can also buy devices which
use magnetic tape for backing up your entire hard disk – so-called t p
streamers – ideal for archiving large data files and as a safeguard against
potential loss.
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4 How a microcomputer works
We’ve looked at the different features of a typical microcomputer
and what the microcomputer can be used for. We’ve seen that the micro-
computer consists of:
A CPU which controls other components in the system (essential)
A keyboard for entering instructions (essential)
A mouse for entering instructions (optional)
A monitor for displaying results (essential)
One or more disks to store programs and data (essential)
A printer for printing documents (highly desirable)
Peripherals attached to the computer which can be operated by the
computer (optional)
We’ve discussed how a microcomputer will do nothing unless it is
instructed. So, how do you make a microcomputer work? How do you
tell the microcomputer to operate as a word processor, a database man-
ager and so on?
4.1 How a microcomputer starts up
The boot sector is the area of the disk which is referenced each time
the computer starts up, for instructions on how to operate. When a com-
puter is switched on, it first looks to the floppy disk drive to retrieve
start up instructions. If the floppy disk drives are empty, the computer
looks to the boot sector of the hard disk for its start up instructions.
4.2 Operating systems
When you first switch on a computer, it automatically 'runs' an
important program called the operating system. This stays running the
whole time the computer is switched on. The operating system controls
the operation of programs and communication with the keyboard, moni-
tor, mouse, disks, printers and any other electrical equipment attached
to the computer. Without an operating system, you couldn’t tell the com-
puter to do anything. It is the interface between the user and the com-
puter.
The operating system enables you to:
Operate programs (e.g. word processors, database managers etc.)
Organise your work (e.g. add, modify or erase any programs or
data stored on the disk)
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With a little more experience, you can also begin to use the operat-
ing system to customise the way that the computer operates and the
way the information is displayed (e.g. the colour of the screen).
There are two main ways a user can interact with the operating sys-
tem. This depends on the type of user interface.
1. Command Line User Interface. These systems require you to type in-
structions at the keyboard. To use these sorts of systems, you need to
know some basic instructions. An occasional user can find this rather
difficult as there are over 50 different instructions commonly used.
An example of this type of operating system is MS-DOS® (see fig. 12).
Fig. 12. Command line user interface displaying the screen prompt for the MS-DOS®
operating system
2. Graphic User Interface. These systems accept instructions via menus
and symbols selected from the computer screen (see fig. 13). The
mouse is usually used for selection, but sometimes users find it faster
to use the keyboard. Menus and symbols represent instructions to
the computer, programs and data files that you have stored on your
disks. Generally, graphics oriented operating systems are much
easier for occasional users to operate. By pointing at and clicking on
the symbols, you can explore the operating system and discover for
yourself how to carry out tasks, with very little training. Examples
of this type of operating system are Microsoft Windows™, and the
Apple™ Macintosh™, operating system.
You need to know the basics about an operating system before you
can start using a computer. But don’t try to learn everything, it is very
time-consuming and isn’t necessary.
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Fig. 13. Graphic user interface operating system
4.3 Software
How does the computer inter-
pret your commands input via the
mouse or keyboard into instructions
to perform a specific task?
Software is a program or a set of
programs which instruct the com-
puter to perform specific tasks. It is
the software which translates the
commands you input into a language
that the computer can understand.
Luckily, you are not expected to
write all the programs yourself. There
are many sophisticated general pur-
pose programs which are widely
available. For example, you can buy software for word processing, data-
base management, accounting, project management, graphics design,
desktop publishing and virus eradication and detection.
All commercial software that you buy will come with a detailed
manual giving you instructions on operation and usually some tutorials
to enable you to practice what you have learned.
Database management software can be a little more complicated to
operate than other software. You often have to spend time learning the
database language to make full use of the software.
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5 Computer viruses
Computer viruses are undesirable programs
which spread between computers, usually via
floppy disks or over networks, and often cause
damage to computer files. Like biological viruses,
their effects can vary in degree. Sometimes they
can be irritating but harmless. Sometimes they can
have devastating effects, destroying your work
and disrupting the operation of your computer.
Computer viruses can cause some or all of the following effects:
Permanent damage to data files and program files
Erasure of large areas of hard and floppy disks
Slow operation of the computer
Unexpected and erratic behaviour of the computer
Changes in operation of peripherals (e.g. modems, printers)
5.1 Classification of computer viruses
Computer viruses can be classified in a number of ways. The most
useful way to classify them is according to which part of the system they
attack. Two such classes can be identified: file viruses and boot sector
viruses.
A file virus infects files, usually program files. When an infected pro-
gram file is opened, the virus is activated and remains active while the
program is used. Often it will spread to other program files. If the oper-
ating system files become infected, the virus will remain active the whole
time the computer is running.
A boot sector virus infects the boot sector of hard or floppy disks. If
this area becomes infected, the virus will be activated each time your
computer starts-up. These viruses can spread very easily and very quickly
as they are carried by the operating system of the computer, which is
always running. Your computer can become infected simply by listing
the files on an infected floppy disk.
Other types of viruses to be aware of are:
Worms: These are viruses which infect computer
networks
Bombs: These viruses jump into action (or “deto-
nate”) on a particular date
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6.1
Trojan horses: These are not viruses in the strict sense. They are seem-
ingly innocent programs (e.g. games programs) which cause severe
damage to your computer disks when you try to operate them.
Viruses are a cause for concern and you’ll want to be sure that none
can get onto your system. There are a number of steps you can take to
keep your system virus-free. These are covered in Chapter 10 on Imple-
mentation and Maintenance of the System.
Differences between microcomputers
To answer the general question:“Are all microcomputers the same?”
we have to look a bit closer at two fundamental features of the micro-
computer; the microprocessor and the operating system.
Microprocessor type
We saw earlier on in this chapter how at the heart of every micro-
computer was a very special chip called a microprocessor which:
1. Works with other electrical components (including other chips)
2. To a large extent controls the other components and anything else
attached to the computer. The design of this microprocessor is fun-
damental to the whole working of the computer.
There are different families of microprocessor, called families because
they contain microprocessors based on the same original design. Every
so often a new generation of microprocessors is developed with improved
technical performance. These will still work with software written for
older microprocessors. But some software written for the newer genera-
tion of microprocessor is written to take advantage of the new capabili-
ties and therefore will not work with older microprocessors.
An example of a family of microprocessors is the Intel® family: 8088,
80286, 80386, 80486 (arranged in order of generation and increasing pro-
cessing power). This family of microprocessors forms the basis for the
popular IBM® PC series of microcomputer. Another example is the
Motorola 680X0 series of microprocessors which are used in AppleTM
MacintoshTM computers.
There are several families of microprocessor. Software written for
one family of microprocessor will not work for another family of micro-
processor. However, it’s possible (in theory, if not in practice) to carry a
program from one machine to another. In order to do this, it must be
translated to work with the different microprocessor and operating sys-
tem.
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6.2 Operating system types
The operating system is designed to operate with a particular mi-
croprocessor or family of microprocessors.
We saw earlier that there were two types of operating system inter-
face; the command line user interface and the graphic user interface.
Sometimes you can choose to use either type of interface on your micro-
computer but you can only use one at a time. Certain software will work
with only one type of operating system. However, some software has
been adapted to produce separate versions that will work with different
operating systems.
Software manufacturers are always improving the operating sys-
tem and from time to time release updated versions. Software written to
operate with the older versions of the operating system will still work
with the new version. However, some software written for the new ver-
sion of the operating system is written to take advantage of the new
capabilities and features and therefore will not work with the older oper-
ating systems.
Floppy disks are formatted for a particular operating system. This
means that you can not always operate the same floppy disk in different
microcomputers. It depends on which microprocessor/operating sys-
tem combination the programs on the disk, or programs that produced
the files on the disk, were designed to work with. Recent technological
advances have made it possible for some microcomputers to use infor-
mation recorded by a different microprocessor/operating system com-
bination to their own. However, this is not yet commonplace.
Data exchange?
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6.3 The disk capacity
7
The disk capacity indicates the amount of data a disk can store. Disk
capacity depends on both the storage properties of the magnetic surface
of the disk and the way the disk is formatted, it is not directly related to
the physical size. Most floppy disk drives on computers in current use
can access data on floppy disks with different storage capacities. How-
ever, some older models of computer can sometimes only access disks
with lower storage capacities. Consult your computer manual for more
information on whether different capacities of disk can be used in your
floppy disk drive(s). This will be of significance when you are exchang-
ing data files between microcomputers, if drives on the different com-
puters are not identical in this respect.
6.4 Other technical considerations
Some software may require, in addition to a specific microproces-
sor/operating system combination, additional power in the form of:
A large memory
A particular type of monitor
A high storage capacity hard disk
A computer mouse
A particular type of printer
Other equipment attached to the computer
A math coprocessor – a microprocessor which works in conjunction
with the CPU, which handles certain tasks (especially mathematical
calculations) more efficiently
So, when you buy software look out for all these requirements. Af-
ter all, you don’t want to waste money on software that you can’t use!
Safety precautions
There are a number of safety precautions you should take when
operating your computer. Like other electrical equipment, computers
are sensitive to the environment in which they are working and any ad-
verse conditions can lead to eventual hardware failure which could cause
loss or corruption of your valuable data. Many of these safety precau-
tions are given in the handbook which is supplied with your computer
but we can still list some general considerations.





Keep your computer on a flat and sturdy work surface which has
enough room to accommodate any peripheral equipment.
Make sure there is enough space to allow adequate air circulation
so that the equipment does not overheat.
Make sure you have enough room to place any books or papers that
you need to consult when using the computer – you will feel more
comfortable and you will work more efficiently. Also make room
for the mouse if you are using one.
Keep the computer cables tidy and out of the harm’s way – don’t
leave them trailing across the floor where people might trip over
them. If you have a problem with trailing cables, consider rearrang-
ing the room so that the computer is closer to the power points.
Care of the equipment
Avoid dropping, knocking or shaking the equipment.
Do not drink any tea, coffee or other liquids when using the com-
puter – any spillage on the equipment (especially the keyboard) can
damage the equipment.
If you work in an area where power cuts or voltage fluctuations
occur, consider buying a UPS and a voltage regulator. These will
help protect your equipment and your data.
Place a dust cover over the equipment when it is not in use (but
remember to switch all equipment off first!)
Avoid using or storing the computer in hot or cold areas. Also, keep
the equipment out of direct sunlight.
When connecting any peripheral equipment to the computer, do
this carefully and do not force the plugs into the sockets. For abso-
lute safety, switch everything off before carrying out the process.
Some cleaning fluids can tarnish the surface of the computer and
the computer monitor so make sure you use the correct type of fluid.
Moving the computer
Unless the computer is a portable one, avoid moving the computer
more than is absolutely necessary.
Be careful when moving your computer – make sure that it is insu-
lated from any vibrations or knocks by using the original packing
material or carrying case.
Place a blank floppy disk or the shipping insert in the floppy drive
to protect it.
In Chapter 10 we will look at data security and ways that you can
ensure data integrity.
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Instructions can be given to the computer using the keyboard or
mouse
The computer’s memory is the amount of space contained on
the hard disk
A floppy disk often contains 100 times more space than a hard
disk
CD-ROM’s have a large capacity for data and are used for litera-
ture databases
The operating system can control the operation of all equipment
attached to the system unit
Operating systems are designed to work with different families
of microprocessors
In general, software written for an older version of an operating
system will not work with newer versions of the operating sys-
tem
In general, software written for an older generation of a micro-
processor will not work with newer generations of the micro-
processor
The larger a disk is in physical size, the more data it can hold
Exercises
2. Fill in the missing words:
a.  The computer’s is its electronic working space
b.  The is the principal microprocessor or “brain”
which controls the other parts of the system
c. A is a small, hand-held plastic box which, when
moved on a flat surface, controls the movement of a pointer on
the screen
d. Most programs and data are stored on the
which is located inside the system unit
e. Compact disks from audio technology have been adapted to store
large amounts of data in systems called
f. If you wanted to communicate with another computer over the
telephone line you would need to use a
g . The is an area of the disk which is
referenced when the computer starts up. It is also a target for a
particular type of virus.
h. Viruses can easily be spread between computers over a network
or by using infected
3. List the hardware that you would expect to find in a typical micro-
computer set-up. State briefly what the function of each item is.
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4. What are the differences between hard disks and floppy disks? What
other technologies are used to store and retrieve data?
5. List the different types of printers that are available. Which types
are suitable for printing high quality computer graphics?
6. What are the possible consequences on a typical computer set-up of
fluctuations in power? How could you avoid these consequences?
7. Data can be entered into the computer via the keyboard or with the
aid of a mouse. What other ways are there of getting data into the
computer?
8. List the different types of computer viruses and their features.
9. Some floppy disks will work on one computer but not on another.
List possible reasons for this.
10. If you are installing a new computer in your office, what steps would
you take to ensure the safety of people using the computer and the
safety of the computer itself?
Chapter 8
Database basics
In this chapter, we will be looking in detail at how you can build a com-
puterized documentation system for defined groups of accession-spe-
cific data using database management software. We will also look briefly
at how you can handle group data. When you have finished this chap-
ter, you will be able to:
Explain the terms database, file, table, record, field
List the basic capabilities of database software
Be aware of the differences between flat file and relational database
management software
State the main principles used in defining databases
Describe the benefits of using of indexes
Design file structures so that separate files can reference each other
Link data files using chosen descriptors
Describe the considerations to be taken when defining fields
Produce a list of field definitions
Outline approaches for the documentation of group data
Explore how spreadsheets can be used with databases to perform
certain tasks not possible with some database software alone
1 Introduction
Definition: COMPUTER DATABASE
A well-organised set of interrelated data held in one or more files
which are capable of being managed by the same software. Files man-
aged by different software are completely separate databases.




Importance of good organisation
The creation of files which have a clearly defined purpose and a
logical structure is fundamental to good database design.
Different descriptors which are used in conjunction with each other
in a given procedure, or related to each other in some way can normally
be grouped together in a single database file. In many cases this is fairly
obvious, for example you wouldn’t have inventory data in a file used for
germplasm evaluation.
Each file must have a clearly defined structure for storing the data.
This will influence the ease with which data can be recorded, updated
and retrieved. A badly designed structure will result in an inflexible,
inefficient and problematic system.
Importance of software
The performance of a database depends on the capabilities and fea-
tures of the management software used. Since capabilities can vary con-
siderably between different software packages, it is vital to spend time
studying available software to ensure it suits your needs. Remember
that much of the commercially available database software can be tai-
lored to meet the specific requirements of your genebank documenta-
tion system.
Files, records and fields
Your genebank analysis will have identified meaningful sets of de-
scriptors which are practical in terms of recording data and practical in
terms of retrieving information. The simplest example of such a set is a
single page layout in a manual documentation system and a correspond-
ing-file in a computerized system.
Consider the example of seed drying which was described in Chap-






Date of final moisture content determination
1000 seed weight
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Having defined this descriptor list, you can design a page layout in a
manual system, perhaps something like fig. 1.
Accession number Batch reference Date of final 1000 Seed weight (g) Final moisture
moisture content content (%)
determination
1363 15-Oct-1990 17-Sep-1991 527 7
1427 08-Nov-1990 17-Sep-1991 692 6
Fig. 1. A manual form designed to document a descriptor list for seed drying
Each file in a database can be thought of in the same way as in fig. 1.
In fact, frequently each file is called a t ble.
A field is the section of the file (or table) which always holds the
same descriptor. Each column in fig. 2 can be thought of as a field, each
descriptor occupies a field in the table.
Accession number Batch reference Date of final 1000 Seed weight (g) Final moisture
moisture content content (%)
determination
1363 15-Oct-1990 17-Sep-1991 527 7
1427 08-Nov-1990 17-Sep-1991 692 6
Fig. 2. A field is indicated by the shaded area
A record is a set of different fields which are handled as a unit. A
record holds different descriptors which relate to a single element. A record
corresponds to a row in fig. 3.
Accession number Batch reference Date of final 1000 Seed weight (g) Final moisture
moisture content content (%)
determination
1363 15-Oct-1990 17-Sep-1991 527 7
1427 08-Nov-1990 17-Sep-1991 692 6
Fig. 3. A record is indicated by the shaded area
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1.4
The example in fig. 1 contains two records and five fields: there are
records for accession numbers 1363 and 1427. There are fields for acces-
sion number, batch reference, date of final moisture content determina-
tion, 1000 seed weight and final moisture content.
When designing a manual form, you have to decide which descrip-
tors should appear on the form and how wide each column should be so
that it can comfortably hold the expected data. With computerized data-
bases, it is also necessary to specify how data should be handled in differ-
ent fields, but as we will see later in this chapter, there are many more
characteristics to specify.
Often the file design in a computerized documentation system re-
sembles the corresponding form of the manual documentation system.
Usually the same set of descriptors are used. Your analysis defined the
set to be practical in terms of recording data and practical in terms of
retrieving information. This will be true-for both manual and computer-
ized systems.
Features of database management software
Most database management software allows you to perform the fol-
lowing basic activities:
Enter new data
Modify or delete data
Search and retrieve data for reports
Sort data
Import and export data
Modify the structure of a file in response to changing information
needs
Database software vary according to:
1. How flexibly the software can perform these activities
2. How easy the software is to use
3. Additional features of the software such as file security and shared
access to files
You’ll come across two main categories of database management
software: flat file managers and relational database managers, which will be
looked at in detail in the following two sections.
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1.5 Flat file managers
Flat file managers are the more simple type of database manager and
generally the easiest to understand and use. Each database consists of a
single file. You can perform the basic activities listed above on each file
in a flexible way, but only usually on one file at a time. In many cases
this is quite adequate, but you will meet the limitations of a flat file sys-
tem when you need to work with data from different files at the same
time.
With many currently available flat file managers, there are ways
around this difficulty. It is usually possible to set up your system so that
different files can make reference to each other and in effect, can be
worked with at the same time. How files can be linked should be looked
at right at the start, so that allowances can be made when you design
your basic database structure. Study your database software manual care-
fully for instructions on how to do this.
If you intend to use flat file database management software and
wish to set up links between files, ensure first that-your software is able
to do this.
1.6 Relational database managers
Relational database managers differ from flat file managers in that they
are designed specifically to work on more than one file at the same time.
You can perform the basic activities listed above on more than one file at
a time. This is achieved by linking two or more separate files through a
field which is shared between files. By linking the files together, a rela-
tionship is produced between the files. The shared field is only stored
once, it is not duplicated in each file, and acts as the link between the
separate files. The linked files can then be worked on simultaneously.
The technical term for the process of linking files in this way is normaliza-
tion.
The theory of relational database managers is fairly complex. The
above description is a simplified view, but should be sufficient for our
current needs.
1.7 Linking files together
When designing your genebank documentation system, you are
likely to want to link files together so that you can work with data from
different files at the same time. You will do this in different ways de-
pending on the type of software you have chosen (a flat file manager or
a relational database manager) for the reasons outlined above.
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You might have the following separate files for a particular crop:
Registration Passport
Accession number Accession number
Scientific name Collector’s number
Crop name Collecting institute
Depositor number Date of collection
Acquisition date Country of collection








Suppose you were producing a report on a characterisation trial for
a series of accessions and you wanted to include some registration and
passport data as well. How would you do this? Rather than searching
the three files separately and producing three separate reports which
would then have to be combined into a single report, think about how
you could produce a single report by linking the files together.
In a genebank documentation system, a field which is often used to






















Here, a record in one file can be linked to one or more records in
other files which have the same accession number. Of course the acces-
sion number isn’t always used as the linking field, it could be any other
field which is common to different files. You could even use more than
one field to establish links.
Another important feature of linked files is that you can often use
one file to modify data in another file. For example, you could have a file
which details the distribution of seed from the seed store and another












Total weight of seed
(other fields)
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To uniquely identify a batch, it is necessary to use both the acces-
sion number and the batch reference to link the two files together. Then
you could instruct the field “amount of seed sent” to update the inven-
tory file so that it indicates the correct weight of seed left in the store.
Consult your database software manual for instructions on how to do
this.
The ability to link files is therefore a very powerful resource. For
The ability to link files is
example, it can be very useful for documenting accession-specific data
a very powerful resource
and for retrieving information stored in different files, which can then be
manipulated into the form you need. Let’s now look in greater detail





When files are being linked together to produce reports or to up-
date data, the software has to select the right records to work with. How
does it do this?
Look at a registration file which contains one record per accession,
an inventory file which can contain one or more records for each acces-
sion (because the seed store might contain one or more batches) and an
evaluation file which could contain several records for each accession
(representing evaluation trials performed on different batches at differ-
ent times). How could these files be linked?
Often you will want to identify and work with one individual record.
But sometimes you may want to work with a group of records that, for
example, have the same accession number. How can you instruct the
software to select the correct record or set of records? Is more than one
field needed to distinguish one individual record or group of records
from another?
It is important to clarify which field or combination of fields are
needed to identify the records you wish to work with. Such fields are
called identifying fields and are used to link different files together. How
links are set up will depend on whether the identification of a specific
record is required or whether you wish to work with a group of records.
Examples of identifying fields are listed in table 1.





Examples of possible identifying fields for different files

















Guidelines for design of data file structure
We should now look again at the meaningful sets of descriptors
identified in your genebank analysis. Their structure should be used as a
basis for building your documentation system, but they may need some
restructuring to take advantage of the power of linking files.
Can each set of descriptors be used for a separate file in the data-
base? The answer is “yes” if the following principles are followed:
Avoid duplicating unlinked fields in separate files
We have discussed how files can be linked through common fields.
However, you must think carefully about which fields you are using to
link files and avoid duplicating data unnecessarily.
Unlinked fields which are duplicated in two or more files contain
redundant data, which waste valuable space on your disk. Also, if such
fields need updating at any time, you must remember to update each in
turn, otherwise inconsistencies will start creeping into your database. It
can also be difficult to remember where the duplicated fields are located.
Avoid these inconsistencies right from the start by not duplicating un-
linked fields in separate files.
Let’s look at a genebank example. Consider the following files for
registration, passport and characterisation of a Ph seolus species. There
are three fields which are duplicated across the files, namely: accession
number, scientific name and crop name.
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Registration
Accession number Accession number
Scientific name Scientific name
Crop name Crop name
Pedigree/cultivar Collector’s number
Depositor number Collecting institute
Acquisition date Date of collection
Type of material Country of collection











You need the accession number in each file as this is the field which
will be used as the identifying field. However, the scientific name and
crop name are unnecessary duplications as they will always be the same
for a particular accession. Imagine what would happen if the name of
the Phaseolus species changed. The scientific name would have to be
amended in three of your files. If you didn’t change the scientific name
in all three files, there would be confusion later on over which is the
correct scientific name.
Changes like this will be a much easier for you to record if the scien-
tific name is only stored in one file. The same is true for the crop name.
In this case, the most appropriate place to store these names is in the
registration file, particularly if this file is a general registration file for all
genebank accessions.
2. Fields which have a logical relation to each other and to the identifying field, should
be grouped together in one file
Suppose you had a file called “movements” listing movements from











“Accession number” and “Batch reference” are the identifying fields
since they identify precisely which seeds were sent out. However, the
fields “institute name, address line 1, address line 2" are information
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about the “recipient name”,not the accession number. If the “recipient”
requested seeds at a later date, the entire address would need to be en-
tered again in a different record. It would be much better to store infor-
mation about the recipients in a separate recipient file like this:
Movements Recipient
Accession number Recipient code
Batch reference Recipient name
Date of supply Institute name
Amount of seed sent Address line 1
Recipient code Address line 2
(other fields) (other fields)
Each recipient could be given a recipient code which uniquely iden-
tifies them. (A bank account-number identifies a particular person’s ac-
count in a similar way). When seeds are sent out, the recipient code is
stored in the movements file. The recipient file, where the address is
stored, is linked to the movements file through the recipient code.
Let’s study a more complex example. In Chapter 6 we looked at the
structure of a management file for a manual documentation system which
contained summary data on inventory, seed viability and seed drying.
The descriptor list looked like the list in table 2.
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Table 2. Example descriptor list for a management file in a manual documen-
tation system. Shaded areas indicate those descriptors that would be







Total weight of seed
1000 seed weight
Minimum amount of seed allowed
Moisture content
Viability (%)
Date of viability test
Date of next viability test
Date of supply (distribution)
Amount of seed sent (distribution)
Recipient code (distribution)
(Other descriptors)
By linking together the
files of computerized
databases, you CAN
look in several places at
the same time
The reason we suggested this type of file for a manual system was
for practical reasons – you wouldn’t have to look in three separate places
to retrieve information. But with computerized databases, by linking files
together you can look in several places at the same time. One large file
like the one above would be clumsy to work with, while several smaller
files linked by common fields would be more efficient at data manage-
ment.
The shaded fields in table 2 are not directly related to either of the
identifying fields (accession number and batch reference). They are con-
cerned with viability and seed distribution. A better structure would be
to use three files instead of one. You could design your files as follows:
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Inventory Seed viability Movements
Accession number Accession number Accession number
Batch reference Batch reference Batch reference
Location in store Viability Date of supply
Total weight of seed Date of viability test Amount of seed sent
1000 seed weight Date of next viability test Recipient code
Minimum weight of seed (other fields) (other fields)
allowed
(other fields)
The fields in each file are dependent on only the identifying fields
(accession number and batch reference), which are used to form the link
between the files.
2.3 Sorting
In a manual documentation system, we have seen that records are
stored according to the following rules:
1. Records must be stored in an order that will help subsequent information retrieval
2. For accession-specific data, the most useful order for storage is in order of the
accession  number
With a computerized system, when new records are allocated an
accession number, they are simply added to the end of the file. This means
that records (identified by accession number) can theoretically appear in
any order as illustrated in the characterisation file in fig. 4.
Accession number Batch reference Sowing date Soil type Other fields
1515 08-Nov-1987 28-Jun-1988 3
573 18-Jul-1988 07-Sep-1990 3
1369 08-Nov-1987 07-Sep-1990 3
Fig. 4. Records of a computerized characterisation file appearing in random order
(not sorted by accession number)
This random ordering is not a problem for a computerized system
in the way it would be for a manual system. Before information is re-
trieved, the computer can be instructed to sort the records into a speci-
fied order (for example, accession number order). So, the two rules ex-
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plained above which must be applied to manual systems are unneces-
sary for computerized systems.
Moreover, a computerized system can be instructed to sort on other
fields apart from the accession number. This would allow you, for ex-
ample, to sort your records in order of batch reference which could be
useful if you needed to know which accessions were in need of regen-
eration. It is even possible to use more than one field to sort by. You
could, for example, sort by both accession number and date of last vi-
ability test (see fig. 5).
Fig. 5. Sorting a file by both “accession number” and “date of last viability test” is
possible with a computerized, but not with a manual documentation sys-
tem
Records can be sorted in different ways. Commonly they are sorted
in alphabetical, numeric (ascending or descending) or date order. There
are other ways of sorting, but as all database software differs in the way
it performs the sorting process, you should consult your manual at this
stage for more information on the capabilities of your system.
2.4 The use of indexes
An index is usually a separate file which stores information on the
location of the specific records in a database file. It is rather like an index
in a book which lists the page numbers of the different subjects. Index-
ing is used to help you locate specific information in your database.
Indexing is carried out on selected fields, across all the records in a
database file. If you were to index the accession number field, an index
file would be created containing a reference to the location of each record
(identified by accession number) in your main database file. This refer-
ence to the location of a record is often referred to as an ddress.
Indexes are used in subtly different ways by different database man-
agers, so again, it is worth spending some time reading your manual to
understand how indexes are used in your software. Often indexing is
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used to speed up searching. However, some database managers will not
search on a field unless it has been indexed.
With most software, you can choose to index as many fields as you
wish. Indexed fields will usually be fields which are accessed frequently.
So, identifying fields, discussed previously in section 2.1, should always
be indexed as they are worked with very regularly.
Relating your files
After looking at the importance of good file organisation and how
this can be achieved, we are now in a position to see how the files can
relate to each other.
From your genebank analysis, you have probably identified a num-
ber of files including:
A single registration file which can be used for all genebank acces-
sions
A number of passport files – one for each crop
A number of characterisation/evaluation files – one or more for each
crop
A single inventory file which can be used for all genebank acces-
sions
A number of files concerned with seed testing
A file detailing movements from the seed store (where appropriate)
A file detailing recipient addresses (where appropriate)
Group data (to be discussed in section 5 of this chapter)
For the first four files listed above, we can visualise the relationship
for three crops (A, B, C) each having three characterisation or evaluation
files (1,2,3) as in fig. 6.
General files: Registration Inventory
Crop specific files: Passport (A) Passport (B) Passport (C)
Characterisation (A1) Characterisation (B1) Characterisation (C1)
Trial specific files: Characterisation (A2) Characterisation (B2) Characterisation (C2)
Characterisation (A3) Characterisation (B3) Characterisation (C3)
Fig. 6. The relationship between registration, inventory, passport and characteri-
sation/evaluation files for three crops: A, B, C
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How can you meaningfully relate these files? Which fields should
be used to form the links? If it is not already clear, table 3 should help.
Table 3. Identifying fields which should be used for linking different data files








In order to retrieve in-
The concept behind relating files together is that in order to retrieve
formation in a useful
information in a useful form, the relation must be m aningful.
form, the relation be- For example, there is no point in relating a Phaseolus characterisa-
tween files must be tion file with a Musa characterisation file using the “Batch reference” as
MEANINGFUL the identifying field, even though it could theoretically be done. You
would retrieve a mixture of data from unrelated accessions (which coin-
cidentally have the same batch reference) which would be neither useful
nor meaningful. So, think carefully about how you establish relations
between files!
Look back at table 1 on page 160 for examples of which fields can be
used meaningfully as identifying fields for different types of files.
4 Defining fields
Once you have decided how to organise your files, you can start to
specify the characteristics of all fields contained in each file. It is useful to
produce a record definition, which details the structure of the record and
the characteristics of each field, before you begin to build the main data-
base file.
When you define fields you should give careful consideration to the
following:
The name of each field
The type of data a field can hold. For example, numeric, character,
date, logical (yes/no or true/false), etc.
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4.1
Whether a field will be used as a link to another database file
The decisions you take here will affect the way the database oper-
ates, so we will look closely at each of these characteristics in the follow-
ing sections.
Field names
The name of a field is important as it is used when you link files
together, build reports and design entry forms.
A field name should be:
Unique – it cannot be confused with another field name (by either
the software or the operator)
Descriptive – it describes the field contents
Simple – so you can remember it easily
Database software often places a restriction on the length of the field
name allowed. For example, some database managers only allow 10 char-
acters for the field name, so “Current moisture content” would not be
acceptable. In this case, you would have to use an abbreviation for the
field name.
Also, some database software will not accept spaces between words
in the field name. If this is so and you wish to separate words, you can
get round this by using an underscore (_) between words.
4.1.1 The name of a field must be unique
NEVER duplicate field
Never duplicate field names between files unless they refer to the
names between files
same descriptor. This rule must not be broken.
unless they refer to the For example, if the fields “accession number” and “account num-
same descriptor ber” were both shortened to “act_no”, neither you nor your software
would be able to distinguish between them when searching, retrieving
information, producing reports, linking fields together, etc. It would re-
sult in serious confusion.
4.1.2 Choose a field name which is descriptive
You should avoid using codes or highly abbreviated names as they
can make it difficult for you and other people to identify a field. For ex-
Avoid using codes or ample, don’t use “X”, “F4”, or “A_D” for “Acquisition date”. The first
highly abbreviated two bear no resemblance to “Acquisition date” and the third is so abbre-
names viated that it isn’t clear which field it refers to. “Acq_date” would be
more descriptive and much easier to recognise.
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4.7.3 Be consistent in naming fields
Use the same abbrevia-
If you have to abbreviate a word in several different field names,
tion each time
use the same abbreviation each time. It will make it easier for you to
recognise the field.
For example, field names containing the word “date” are common
in genebank documentation. Try to adopt a convention of handling the
word in the same way each time. Do not use “acq_date”, “sowing_dat”,
“regener_da”, it would be much better to use “acq_date”, “sow_date”
and “regen_date”.
Make sure that a given descriptor has the same field name in differ-
Make sure that a given
ent files. This will allow you to link files using these fields. Report writ-
descriptor has the
ing will also be much more straightforward: This may be obvious for
same field name in dif-
descriptors which are commonly used as identifying fields (such as ac-
ferent files
cession number, batch, date of test), but it is equally important for crop-
specific passport fields such as collector’s number, collecting institute,
collecting site, country of collection, latitude, longitude, altitude, etc.
4.2 The type of field
Each field can be assigned different characteristics which consider-
ably change the way in which it handles the data it holds. The most
important characteristic is the type of field. Different database managers
use slightly different types of fields, but a typical list is given below:
Character – anything that can be typed at the keyboard (including
digits)
Numeric – for digits only
Scientific notation – for very large or very small numbers (e.g. expo-
nential numbers)
Date – handles the date (year, month, day)
Logical – for true/false (or yes/no) data
Certain fields will only accept data in a specific format. For example,
a date field might be set up to only accept a date in the form
DD/MM/YY and not MM/DD/YY. Logical fields will often only ac-
cept a specific set of responses.
It’s usually a straightforward process to decide what type of field to
use for a given descriptor, often only one type is possible. However, there
are cases where you can choose so you need to know the relative merits
of each choice. Some considerations are as follows.
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4.2.1 Identical fields should have identical specifications
This is very important. Fields with the same name should have iden-
tical specifications, especially if you want to use the field to relate files.
You wouldn’t define the “accession number” in one file as a character
field and as a numeric field in another; if you did, you might not be able to
relate files together.
4.2.2 Use numeric fields for digits only
You should examine carefully your descriptor states to find out
whether there are cases where you may have to enter a character rather
than a number.
For example, this could occur when you have defined an ordinal
scale of 0-9 for a descriptor, zero being used for “absent” or “not-expressed”
but you have not performed the test. Then you would want to indicate
“unknown” or “not performed”. If you leave the field blank, some soft-
ware will automatically store a zero which means “not expressed”. If you
try to store “?” for “unknown”, the software will not accept the response
as you have defined the field to only accept digits. In such cases, it would
be better to define the field as a character field.
4.2.3 Do not use character fields for purely numeric data
Character fields cannot usually be used directly in mathematical
calculations. If digits are held in a character field, you may find that the
contents of the field need to be converted before your software can per-
form calculations. Some database managers even require you to specify
whether you want to be able to perform calculations on a numeric field.
So, if you wish to perform calculations on a field, make sure that the field
is defined to enable you to do this.
If the contents of a When character fields are used to store numeric data, the mistake of
field will only ever be someone entering a character in place of a digit, or a space where one
digits, the field should should not be, cannot be avoided. For example “1OO6” instead of “1006”
be defined as numeric or “9 11” instead of “911”. If the contents of a field will only ever be
digits, the field should be defined as numeric.
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4.2 .4 Use “memo” or “comments” fields sparingly
Some database management software will allow you to define dif-
ferent types of text fields which have different characteristics.
Sometimes you might want to store a large amount of text, or en-
tries that vary in length and cannot be standardised with “acceptable
values”. Some software will allow you to define a specific field for such
special cases. This type of field can have various names, but is often
referred to as a memo, comments or remarks field.
There is a temptation to use this type of field in each file to handle
miscellaneous data. They should, however, be used only when abso-
lutely essential. Problems can arise when you want to locate data in such
a field. Some software requires you to search this field separately in each
record – which can mean a lot of extra work. Some software will not
allow you to search this type of field at all.
It is therefore advisable to restrict the use of these fields. Perhaps
just include one in the registration file which you would use for all your
miscellaneous data; that way you’d only have to look in one place. It
would be something like having an information sheet for each accession
in a manual documentation system (see Chapter 6).
Table 4 gives examples of field types that can be assigned to differ-
ent descriptors.
Table 4. Possible field types for a range of descriptors
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4.3 The size of the field
Some database managers, require you to specify from the start how
much data (i.e. how many characters) a field can hold. This is often called
the field width. With other database managers, fields can ‘grow to fit’ the
Before defining fields, amount of data input. Before you start defining fields, you should check
you should check if if your software requires you to specify field sizes. If it does, you need to
your software re- give careful thought at this stage to the maximum amount of data you
quires you to specify are likely to want to store in each field. However, try not to overestimate
field sizes the size as most software will allocate this amount of space to each record,
irrespective of whether any data is stored, which wastes disk space.
For example, if the highest genebank number is currently “1324”
you should choose a field width of “5” rather than “4” particularly if
your genebank is expanding.
Usually, the width of numeric fields includes the number of deci-
mal places, the decimal point and the sign (+/-) used. So, “2312” has a
field width of 4, “109.2” has a field width of 5, “-0.712” has a field width
of 6.
An important point that was raised earlier is that fields with the
same name should have identical specifications. If your software requires
you to specify the field width, this must also be identical for fields with
the same name. If not, data can be lost when it is transferred from one
field to another, if the receiving field has a smaller field width.
If after working with your system, you find that the fields you have
defined are too narrow, they can usually be adjusted at a later date. Check
with your software manual how to do this.
4.4 Scientific name
We discussed earlier how it is laborious and problematic to keep a
field up to date if it occurs unlinked in more than one file. This is particu-
Store the scientific larly true of scientific names which are prone to change. Therefore it is
name for each acces- advisable to store the scientific name for each accession in one file only.
sion in one file only The registration file is the most appropriate place for this. Then if you
need to change the scientific name you only have to go to one place.
Another consideration is how to define the field for the scientific
name. Some scientific names are very short (e.g. Zea mays) and others are
very long (e.g. Macroptilium longepedunculatum or Brassica oleracea var.
gemmifera). If you are required to specify the field width, how wide should
the field be? Should you use abbreviations? Should the scientific name be
divided into several fields?
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Abbreviating the scientific name will save space, but could easily
become inconsistent and confusing and so should be avoided. For ex-
ample, with M.longepedunculatum, does M. stand for Macroptilium,
Mangifera, Manihot, Medicago, Mentha, Mimosa, Musa...?
Remember, your first concern should be to have reliable data. So,
avoid confusion – do not use abbreviations.
For maximum flexibility, consider using the separate fields of ge-
nus, species, sub-species and sub-species rank as illustrated in table 5.












Medicago sativa subsp. falcata
Brassica oleracea var.
gemmifera
Brassica oleracea var. gemmifera
If you decide to follow this convention, the following field widths









Make additional fields for the authority for the scientific name if
you decide you need to record this information.
Choose a format that is convenient to use and avoids any ambigu-
ity. Ask yourself how you want the scientific name to appear in the dif-
ferent reports – is it always in the same way? Do you always print the
sub-species name or do you sometimes leave it out? Do you print abbre-
viated genus names or is it necessary to print them in full?
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4.5 Practical hints
Consistency in defining fields is essential. One way to ensure this is
to make a register of field definitions for each file. For each field you can
record:
Full descriptor name – e.g. “Accession number”
Field name (usually an abbreviation) – e.g. “act_no”
Field type – e.g. character, numeric, logical, date, etc.
Field description – an explanation of how the field should be used,
including what type of data should be entered and in what form
Data validation rules – any rules for data validation which apply to
the field
Index – is the field indexed?
Field width (where appropriate)
File name – in which database file the field occurs
Most database management software can automatically generate
this list of field specifications for each file, which is referred to as a dat
Produce a data dic- dictionary. If your software cannot do this, you could do it on paper.
tionary for each file in Design a form with columns for each of the above descriptions and sim-
the database ply fill in the field definitions for each descriptor. A data dictionary for a
passport file might look like table 6.
You should produce a list like this for each file in the database. You’ll
consult these lists every time you define a new field so that consistency
is ensured across your files. If you already have some experience with
database software you could even use your file manager to maintain a
central register of field definitions!
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FIELD NAME FIELD DATA
TYPE VALIDATION
acc_no Numeric Between 1
and 999, 999












Date of collection of (software
original sample defined)













Weight of seed coll_wt Numeric Between 0




Was a photograph 1
taken of the accession
or environment at
collection?
Documentation of group data
5
Group data are data concerned with groups of accessions rather than
individual accessions. The data might refer to a particular species or crop,
for example; viability test methods and regeneration procedures. The
group data might even refer to several genera and species such as infor-
mation about the flora of an ecogeographical region or information from
ethnobotanical studies. This kind of data is likely to be reproduced in
publications such as journals, books, and conference proceedings.
How can you use a computer to manage these data? As with any
data that you handle, you have to determine your information needs and
then form meaningfully related sets of data (descriptor lists), that will be
practical in terms of recording data and practical in terms of retrieving
information.
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Keep a reference to the
source of the publication
Your literature database
should be a separate
database file
6
As these sources of data are so diverse and the subject area is so
enormous, your information needs will be many and varied and the num-
ber of descriptor lists for group data will be potentially very large. It’s
unrealistic to even think of computerizing all the relevant data from the
published material. It’s more practical to keep a reference to the source of
the publication which should be maintained separately from your docu-
mentation database. This will be a literature database based on a “de-
scriptor list” for literature references. You’ll design the descriptor list based
on your information needs and the kind of references you want to com-
puterize.
Literature databases are often maintained using database software
developed specifically for handling text – so-called t xt management sys-
tems. If you have access to such a system, it is worth thinking about using
it to construct your literature database. If you don’t have access to such a
system, look at how your existing database software can be used and
adapted to do the job. If you use your existing software, remember that
your literature database should be a separate database file.
Text management systems operate in much the same way as other
database software but two powerful features are worth highlighting.
Firstly, they have greater flexibility in the way that they perform searches,
as you don’t always have to tell the software which fields to search, it can
be set up to look in every field. This is very useful if you need information
but don’t know where to look. The second feature concerns the way the
software stores the data: fields “grow to fit” the amount of data entered
and “empty” fields do not take up space on the disk. Literature databases
commonly contain variable amounts of data for each record so this useful
feature can result in enormous disk space savings.
Use of spreadsheets
Fig. 7. A typical spreadsheet as it appears on screen (with equation in cell Al)
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Spreadsheets (see fig. 7) are powerful tools which are commonly used
in both scientific and business applications to perform a whole variety of
statistical and mathematical calculations. They can be used with data
held in a database to perform more complex calculations than are pos-
sible with the database alone.
For example, you could export seed viability and storage data from
your database to a spreadsheet, to calculate the effects of-varying the
storage parameters on seed viability.
Spreadsheets can also be used to print reports or generate graphs
using the data they hold. Therefore they provide a route to producing a
graphical representation of the data stored in your database.
Despite the obvious capabilities of spreadsheets, you should n t use
a spreadsheet as a database manager. Spreadsheets are specifically de-
DO NOT use a spread-
signed to be used for complex calculations, not for flexible management
sheet as a database
of documented data. With spreadsheets, it’s usually not possible to relate
manager
different files, the search/report facilities of spreadsheets are limited and
sometimes non-existent (which can make information retrieval very dif-
ficult), the modification of stored data can also be time consuming – es-
pecially when working with large data files.
If you want to store large amounts of data in several files, these
limitations will cause you many problems. The use of spreadsheets should
be restricted to the tasks they were designed for – performing complex
calculations. For efficient documentation of your genebank data, you
should stick with software designed specifically for this task – database
management software.
7 Where to go from here
There are a number of steps involved in designing a database with
linked files. These have been covered in this chapter and are summarised
in fig. 8.
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Identify meaningful sets of descriptors
from detailed genebank analysis
These will form the basis of the files that are
used in the database
From your analysis, choose suitable
database management software
Look at whether any restructuring of descriptor
sets is necessary to take advantage of
the linking abilities of your software
Organise the meaningful sets into files
using the guidelines for data file design
Develop links between the files Decide which fields will be used to form the links,
the identifying fields
Define fields in each file
Create the data files on the computer
using your chosen database software
Consider all parameters:
- Field names should be unique, descriptive and
simple to remember
- If abbreviations are used, the same abbreviation
should be used each time
- The same descriptor in a different file should have
the same field name
- Identical fields should have identical
specifications
- Abbreviations should not be used for the scientific
name
- Consistency in defining fields is essential
- Make lists of field definitions for each file for
use when defining fields in your database
Fig. 8. The steps involved in designing a database with linked files








Indicate whether the following statements are true or false:
a. A field in a file is sometimes called a table
b. A record is a set of fields which are handled as a unit
c . A computer database always contains several files
d. Files can be linked together with any common field
e. A registration file should contain only one record per accession
number
f. Fields of the same type (e.g. numeric, date) should have the same
name
g. It is important to avoid duplicating identifying fields in separate
files in case of changes in nomenclature
h. Indexing is often used to speed up searching
i. Sorting is only allowed on identifying fields
j. The batch reference is used as an identifying field for all acces-
sion specific data
Fill in the missing words:
a . A is the section of a file or table which always holds
the same descriptor
b . are used to select one or more
records for the purposes of linking files together
c. An stores information on the location of specific
records in a database file
d . A field can be set up to accept anything that is typed
in at the keyboard including digits
e . A field accepts “yes”, “no” data
What is the difference between flat file managers and relational da-
tabase managers?
Identify situations where a set of descriptors identified in the gene-
bank analysis cannot be used as a separate file in a database.
Illustrate how registration, passport, characterisation and inventory
files can be related together in a database system, indicating which
fields can be used to link the different files.
A register of field definitions is useful in ensuring consistency in
defining fields. What details should such a register contain and why?
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7. Suggest field names for the following descriptors when your soft-













m. Frost damage susceptibility














o . Soil pH
p . Pollination method
q . Date of next test
r . Field plot number
s . Moisture content at harvest
t . Moisture content at storage (initial)
u . Duplication at other location
8. Spreadsheet software should not be used in place of database man-
agement software. Why is this? How could you use a spreadsheet
in conjunction with your database management software?
Chapter 9
Building the system
Chapter 9 studies the process of building a computerized documenta-
tion system for your genebank.
At the end of this chapter, we will have examined the following
points:
The stages of building a menu driven computerized documentation
system
Design considerations for screen forms, reports and menus
Printing reports
Implementing the data management features of your software
Incorporating your screen forms and report formats into the rou-
tine procedures
Development and organisation of menus
1 Introduction
In your genebank analysis, you will have studied:
Data generation and the use of data in procedures
The use of flow charts to clarify procedures
The needs and priorities for documenting genebank data
Information requirements (e.g. specific reports)









Studying these points provides a detailed list of
specifications which should be used as the foundation
for designing your computerized documentation sys-
tem. This is sometimes called a logical system design. It
defines how the documentation system should oper-
ate regardless of the hardware and software you are
using.
From your logical system design, you can start
to produce your physical system design. A physical sys-
tem design details how the documentation system will
operate with your chosen hardware and software. It
also takes into consideration the people who will be
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1.1
using the system. The end result of a physical system design is a de-
tailed plan of how the computerized system will actually operate. It is
this physical system design we’ll look more closely at in this chapter.
The first step is to determine whether the software and hardware
available to you can support your logical system design. There may be
certain operational limitations. For example, the software may not be
capable of performing the tasks you have specified, or the person se-
lected to input data may not have access to a computer running the sys-
tem. In such cases, you will need to make alterations to your logical sys-
tem design to account for these complications. You might need to re-
think your choice of software, or look at ways of reaching the same end
result, using the same software in a different way. You might think of
moving the person selected to input data so that he or she has access to a
suitable computer, moving the computer nearer to the person assigned
to input data or assigning the job of data input to another person.
Stages in building the system
By now, you will have defined the data files for your documenta-
tion system. The next step is to begin building the system, modelled on
these files, using your chosen software. We must also look at how we
can use the software to maintain these files and retrieve information from
the system.
The different stages in building the system are illustrated in fig. 1.
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Produce a logical system design which lists
in detail all your information requirements
Produce a physical system design, writing
specifications for how you will implement
the software to achieve your logical system design
Build empty structures for
all your database files
Set up links between
different database files
Develop screen forms for entering, modifying,
searching for and deleting data
Develop reports for information retrieval
Using your software, organise the formats for reports
and screen forms into routine options. These formats
will usually correspond to the documentation
procedures recognised in your analysis
Gather together the different report and screen format
options into a logical menu driven system which can
easily be used by other genebank staff
Document all procedures in your documentation
system for future reference
Fig. 1. The different stages in building a documentation system
In previous chapters, we have studied in detail the first four steps
illustrated in fig. 1. In the following sections of this chapter, we will look
more closely at the later steps of building the documentation system.
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2 Developing screen forms
Recording and retrieving good quality, accurate and reliable data is
fundamental to the success of your documentation system. If data re-
cording is difficult or if there are no systems to check the quality of data
entered, mistakes will inevitably be made and the information retrieved
will be of doubtful quality. Correcting mistakes at a later date wastes
valuable time, so it is vital to ensure data are entered correctly at the start.
Screen forms act as interfaces between the operator and the data files.
They are also sometimes referred to as views. They are what you see on
the screen when entering, modifying, searching for or deleting data; they
are the computer equivalent of manual forms. Screen forms will help to
ensure accurate and reliable data entry.
When designing screen forms, you should aim to:
1. Prevent errors getting into the system
2. Make data entry and modification “user-friendly”
As we’ll see in the following sections, screen forms are actually very
powerful and indispensable interfaces. A typical screen form is illustrated
in fig. 2.
Fig. 2. A typical screen form
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The need to design your own screen forms
2.2
Basic screen forms for data entry and modification are sometimes
supplied with database management software. However, generally, it is
much better to design your own forms.
Most database managers automatically generate a basic data entry
screen which displays all the fields you have defined in the order they
were defined. The field name allocated to each field usually appears as a
label next to the area for entering data. This is illustrated in the following
example.








The basic entry screen supplied by the software might look some-
thing like this:






Entering data into the above screen form could cause problems for
an occasional user. But screen forms can be designed to make data en-
try/modification much more user-friendly. In the following sections we
will look at how you can achieve this.
How to design screen forms
The design facilities for screen forms depend on the software you
have chosen; some software only has basic facilities, other software is
very sophisticated. The final design should depend on the preferences of
the people who will be using the-system. However, there are some gen-
eral guidelines you should follow.
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2.2.1 Design a form for each documentation procedure
Your software will probably have generated a basic screen form dis-
playing all fields in each data file which could be used for data entry and
Screen forms can be modification. However, you’ll often only want to work with a sub-set of
designed to display the total descriptors in a file. Screen forms can be designed to display
only selected fields only selected fields in a format that suits your data entry and modifica-
tion procedures. Such screen forms are often called masks.
For example, you might be updating a few descriptors in a passport
file, or entering data from a characterisation trial where only a few tests
were performed. You wouldn’t want to hunt round the screen looking
for the appropriate fields to fill in – it would be very time consuming and
DO NOT rely on just frustrating and the risk of making mistakes would be high. Designing a
one form for each file form containing only selected fields for each documentation procedure
will avoid this. Do not rely on just one form for each file.
2.2.2 Avoid putting too much information on each form
If you are entering data from an extensive characterisation trial and
you have a single form which contains all the descriptors, the screen
might appear cluttered and be difficult to read. If it’s difficult to read, it’s
Distribute the de- also difficult to use and you might make mistakes. You can avoid this if
scriptors over more you distribute the descriptors over more than one form – the extra forms
than one form can be used in sequence. The screens will be easier to read and they will
be easier to use.
You might also want to include a list of acceptable responses next to
each descriptor for users unfamiliar with your coding system, but this
will take up a lot of screen space. This information could, perhaps, be
put elsewhere such as in an on-line help facility or documented on pa-
per.
2.2.3 Use descriptor names on forms, not field names
If your field names are limited to a certain number of characters,
you may have had to abbreviate descriptor names to produce field names.
For occasional users, it will not be obvious what the abbreviations mean
or which data belongs in which field. For instance, they might think that
"COLL_DAT" refers to data on “collection source”. Here, data entry is clearly
not user-friendly and errors can easily creep into the system.
Screen forms allow you to display more descriptive text as labels to
your fields, often without a limit on the number of characters you can
use.
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For example, instead of: COLL_DAT
You could use the label: Date of collection
Field names can be replaced on the screen with a more explanatory
label so that it is clear to the occasional user which data should go in a
particular field. Therefore, it is a good idea to use full descriptor names
as the field labels on your screen forms, rather than the field name.
Taking the previous example of the basic entry screen for the pass-
port file illustrated on page 185, you could design your screen form to
look like fig. 3.







Fig. 3. Sample screen form for data entry, passport information
2.2.4 Use the same order of fields for the screen form as for the
corresponding manual form
Quite often you’ll be entering data into your database from manual
forms. This is made easier i f the f ields appear on the screen in the same
You can usually place order as they appear on the manual form. It’s very tedious and a waste
fields ANYWHERE and of effort to rearrange the data before entering them in the database files.
in ANY ORDER on the Remember that when you design the form, you can usually place fields
screen anywhere and in any order on the screen;you are not restrictedto the
order in which the fields appear in your record definition (see Chapter 8,
section 4, page 167 for full discussion of record definitions).
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2.2.5 Aim for consistency in design
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Put the same type of in- Regular users will find the system easier to use if there is consis-
formation in the same tency in the design of different forms. Try to put the same type of infor-
area of each form mation in the same area of each form. For example, error messages, in-
formation about the function of certain keys, how to get help, etc.
And don’t forget to give the form a title. Think about the documen-
Give the form a title –
tation procedure for which the form is being used and make the title
and make it descriptive
descriptive. If the procedure is for registering new accessions in the gene-
bank then call the form "Register new accessions" or "Allocate gene-
bank accession number"."Data entry form" is not good enough – data
entry for which file?
2 . 2 . 6 Exploit the features of the software to minimise errors in data
entry
Often the software will let you define the way in which a field on a
screen form accepts and displays data. This is very helpful in trapping
errors before they get into the database. Some of the more noteworthy
features are discussed below.
1. Disallow invalid responses
A field can be set up so that only valid responses are accepted. This
is very useful for trapping errors when you are using codes for descrip-
tor states. To emphasise this point, let’s look at an example of a charac-








For most of these descriptors, there are only a limited number of
valid entries, for example 0, 1, 2, 3, 4, 5, 6, 7, 8,  9, +, X. However, any of
the characters on your keyboard will be normally accepted by your com-
puter when only perhaps 12 of them are valid. You could find your sys-
tem full of invalid data. This can be avoided by designing screen forms
to restrict data input to valid responses.







Use the help message display
This can be used to give information about the field, such as what is
a valid response.
Display error messages
This is useful for informing the user when a mistake has been made
and what can be done to correct the mistake.
Store a default value
Fields are usually empty until data are input. However, with cer-
tain fields, you might want to store a default value until data are input.
This is useful if the initial response is always the same, such as “un-
known” in a characterisation trial where the test has not been performed.
Before storing default values, think about whether the default values
will apply in all cases.
Use automatically generated field values
Certain field values which are used regularly can be automatically
generated by your computer, for example today’s date. This is useful
when inputting passport data, or any other data where you wish to record
the date of input or modification. Some software have the facility to copy
the same field from the previous entry at the press of a key. This is very
useful when entering a series of records from, say, a collecting mission
where the accessions were collected from the same site.
Convert to upper case
Sometimes you might only want to store data in capitals. Fields can
be defined to convert all characters that are input into upper case. For
instance, if you typed a donor number as “egru 380” it would store
“EGRU 380”. This can help subsequent information retrieval.
Use display only or protected fields
It is useful to be able to protect certain fields from data modification.
For example, if they must be visible, but should not be modified such as
accession number or batch reference. This prevents accidental modifica-
tion.
All these features are very useful and are well worth exploiting to
the full. They may not trap all the errors, but will significantly reduce the
number that ret into the system.
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8. Allow cursor movement around the screen
2.3
It is very useful to be able to review a screen and correct any errors
before moving on to the next screen. If your software allows this feature,
use it routinely in all your screen forms.
2.2.7 Use different styles sparingly
The use of different styles was discussed in detail in Chapter 6. Re-
member that you should use different styles to make working with the
form easier. For example, too many large or bold letters, too many boxes
and lines and too many colours can make forms difficult to read. Con-
centrate on the layout, using different styles for emphasis only and keep
the form simple.
2.2.8 Sound effects
Restrict the use of sound effects. They could be used for alerting the
user when the computer has completed a time-consuming task or the
operator has made an error. But it can be irritating if the computer is
continually making noises – irritating not only for the user, but also for
anyone else who happens to be in the same room.
2.2.9 Experiment with different designs then choose the one which
is the most practical
Some forms can look good, but not be practical to use. They might
be difficult to read, have too much information on the screen or need
better on-line or documented help facilities. It’s worth producing differ-
ent versions and asking users to experiment with them. With feedback
from the users, you can develop a form that is easy to use. Remember,
the more user-friendly a form is, the more likely it is that data stored will
be reliable and accurate.
Stages of form design
1. Before starting to create your form using your database software, it
is a good idea to make a preliminary sketch of the form on paper.
List all the fields you want to see displayed. Consult the list of field
specifications you have produced for each database file, as these
will influence how you wish to lay out your form.
2. Familiarise yourself with the features that your software has for de-
signing forms – experiment with a few designs, try out some or all
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of the features listed in section 2.2.6. Find out how easy each form is
to use by entering some test data.
3. Design a data entry form and, if necessary, a data modification form
for each complete database file. These forms will allow you to work
with all the fields in each database file at one time. If there are two
separate forms, they will probably be almost identical in appear-
ance apart from the title, but the data modification form might have
a few fields which are protected or display only, such as accession
number and batch reference.
4. Next, design data entry and where necessary, data modification
forms for each procedure using the same principles as in point 3
above. These forms will probably contain a sub-set of the total num-
ber of fields possible for a file.
3 Developing the reports
Generating reports is one of the most valuable ways of retrieving
information from a database. Reports are usually set up when informa-
tion is required on a regular basis in a specific format. The retrieval for-
mat will depend on your information needs and can be totally different
from the format in which data were input.
For information requests which are not regular or predictable, there
are alternative ways of retrieving information from your system. For
example, you could browse through each record (or a selected set of
records) in turn on the screen and print them in the format they appear
on the screen. If your software has the facility, you could also use the
simple interactive query language (or the more complex structured query
language, SQL) to carry out the search. In this case, one or more records
could be selected and a report generated from them.
This section studies the development of reports, which is a several
stage process. This is illustrated in fig. 4.
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3.1
State the information requirements.
Which descriptors will appear on the report?
Are any statistical analyses needed?
Define how the search will operate:
Which field or fields do you want to search?
What is the need for linking files?
What input is needed from the user when generating the report?
Design the layout of the report and any
screen forms to accept input from the user
Combine your search requests with your request for
generation of the report, so that the searches are
carried out automatically when the report is generated
Test the report for its appearance and
ease of use
Gather together all report specifications
in the menu driven system
Document the report for future reference
Fig. 4. Stages of report development
Some software will have more powerful reporting facilities than oth-
ers. However, if you need to perform complex statistical analyses or pro-
duce graphs to get the information you require, you might need to think
about exporting your data to a spreadsheet.
We will now study these stages of report development in greater
detail.
Information requirements
From your genebank analysis you will have identified your infor-
mation requirements.
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For example, you might have talked to the officer in charge of seed
testing about the information requirements for the seed testing unit and
the type of reports that would be useful for the units work. You might
have drawn up a list of reports rather like this:
REPORTS REQUIRED FOR SEED TESTING UNIT:
Viability of a particular accession
Viability of a particular crop
Accessions with a particular range of viabilities
Accessions that have not been tested
Accessions that require re-testing in the next 3 months
Accessions that require re-testing in the next 6 months
Accessions that are overdue for re-testing
(other reports)
For each of these reports you will have already determined which
descriptors need to be listed in the report. You’ll have some idea of which
order the records ought to appear (such as accession number order, in
alphabetical order of crop, in a date order or even a combination of any
of these). You will also have identified any calculations that need to be
performed on your data. Fig. 5 illustrates the idea of drawing data from
different data files into a single report.
In fact, the information requirements for the different genebank ac-
tivities will have already influenced some of your decisions concerning
the descriptors that need to be recorded and where these descriptors are
located in the data files in your system.
For instance, seed testing is performed periodically, but how often –
every six months, every two years? Do some crops need testing more fre-
quently than others? From these sorts of questions you will have identi-










Fig. 5. Data can be drawn from a number of separate data files and reproduced in
a single report
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3.2 Defining the search
The next step is to develop ways of retrieving the information from
the different data files in the desired order. There are three considerations
which were mentioned at the beginning of this section:
1. Which fields you wish to search
2. Whether files need to be linked
3. What input is needed from the user
Let’s look at these considerations with a few examples.
EXAMPLE 1: Report, in order of accession number, the seed viabilities of all maize
accessions and when they need re-testing
The descriptors that you would display in this report are: accession
number, batch reference, crop name, viability and date of next viability
test. These descriptors could be located in two separate files: the general














Date of viability test




Desired descriptors are bold
Before a report can be generated, the files must be linked. Each record
in the seed viability file must be linked to a record in the registration file
where they have the same accession number, so the accession number
would be the identifying field. Once the link has been established, it’s
simply a matter of:
1. Selecting the linked records which have a crop name of “maize”
2. Sorting the linked records into accession number order
3. Printing the relevant fields in your chosen format
Your report might look something like the report in fig. 6.
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Accession number
NEXT VIABILITY TEST DATE: MAIZE
Batch reference Viability Date of next
viability test
EGB 1007 13/07/91 80% 22/07/92
EGB 3231 15/04/90 75% 13/09/92
Fig. 6. Sample report, ordered by accession number, for seed viabilities of maize
accessions indicating when they need re-testing
Note: Even though the field “crop name” is used in generating this
report to specify that we want to search for records with crop name
“maize”, there is no need to display this field on your final report. The
report is only concerned with maize, so the same information would be
repeated for each record if the crop name field was included. Instead,
you could make the reference to maize in the title.
EXAMPLE 2: Report, in order of crop name and accession number, all accessions
which have seed viabilities in a particular range
This example is similar to the one above except that the output needs
to be sorted by crop name and accession number and the user has to
input a range of viabilities, e.g. 70-80s.
How does the user supply the range of viabilities? You could de-
sign a screen form which would be displayed before the report is gener-
ated, asking the user to specify the range of viabilities. In this case, the
user would-specify the seed viability range 70-80%.
When the user has entered this range, the procedure is similar to
example 1. The files are linked together using the accession number. Then,
records are selected which have the specified viabilities. The linked records
are sorted into crop name order; within each crop name group they are
also sorted into accession number order. Finally, the relevant fields for
each record are printed in the specified format.
On this report, you may wish to display other fields instead of batch
reference and date of next viability test. The final report might look some-
thing like the report in fig. 7.
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ACCESSIONS WITH SEED VIABILITIES IN RANGE 70-80%
Crop name Accession number Batch reference Viability Date of next
viability test
Barley EGB 4962 17/07/91 79% 28/07/92
EGB 4976 21/05/91 78% 05/06/92
Maize EGB 1007 15/04/90 80% 22/07/92
EGB 3231 15/04/91 75% 13/09/92
Wheat EGB 1999 17/10/91 72% 14/08/92
Fig. 7. Sample report, ordered by crop name and accession number, for accessions
which have seed viabilities in a particular range
EXAMPLE 3: Report, in order of crop name and accession number, all accessions
which have not been tested for seed viability
This time we need to search for “absent” records in the seed viabil-
ity file, i.e. records which have not been tested for seed viability. The link
between the two files is again the accession number. You would instruct
your computer to select records which do not have a corresponding record
in the inventory file, i.e. they have not been tested for seed viability. The
selected records are then sorted into crop name order and accession num-
ber order. Finally, the relevant fields for each record are printed in the
format you have designed.
The final report might look something like the report in fig. 8.
ACCESSIONS NOT TESTED FOR SEED VIABILITY
Crop name
Barley
Accession number Batch reference
EGB 4812 14/09/91
EGB 5060 27/07/91
Maize EGB 1234 18/05/91
EGB 2231 17/12/91
Wheat EGB 2001 09/12/91
Fig. 8. Sample report, ordered by crop name and accession number, for accessions
which have not been tested for seed viability
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EXAMPLE 4: Report, in order of crop name and accession number, all accessions
which have low seed viabilities and list their seed weight in the cold
store
To access data in the total seed weight field, you might have to link











Accession number Accession number
Batch reference Batch reference
Viability Location in store
Date of viability test Total weight of seed
Date of next viability test 1000 seed weight
(other fields) Minimum weight of seed allowed
(other fields)
As you will probably have more than one batch for each accession,
the seed viability file and the inventory file will have to be linked through
the batch reference field as well as the accession number field. However,
both files can link to the registration file using the accession number
alone.
As in example 2, records are selected which have low seed viabili-
ties by inputting a specified range. Alternatively they could be selected
by inputting a single value below which viabilities are considered to be
‘low’. The selected records are sorted into crop name order; within each
crop name group they are also sorted into accession number order. Fi-
nally, the relevant fields for each record are printed in a particular for-
mat.
Your final report might look something like the report in fig. 9.
ACCESSIONS WITH LOW SEED VIABILITIES: TOTAL WEIGHT OF SEED
Crop name  Accession number Batch reference Viability Total weight of seed (kg)
Barley EGB 4962 17/07/91 79% 0.243
EGB 4976 21/05/91 78% 0.567
Maize EGB 1007 15/04/90 80% 1.440
EGB 3231 15/04/91 75% 2.678
Wheat EGB 1999 17/10/91 72% 1.999
Fig. 9. Sample report, ordered by crop name and accession number, for accessions
which have low seed viabilities showing total seed weight
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3.3
In summary, for each report you will need to specify:
How files are linked together
The criteria for the search (e.g. a particular crop, a range of viabili-
ties)
How the search criteria are specified (embedded in the report rou-
tine itself or specified by the user on a form)
How records should be displayed (sorted in a particular order, which
fields will appear on the report)
You should develop similar search specifications for all the reports
you want to generate.
Report styles
Designing reports should be approached in much the same way as
screen forms. They should be user-friendly and constructed so that they
are easy to read and to understand. It’s therefore worthwhile spending
time designing your reports. After all, you will be relying on them to
make important decisions such as decisions about regeneration priori-
ties. How precisely you are able to design reports will depend on the
software you are using.
You could design a report which lists one accession on each page.
In such a report, each descriptor will appear in exactly the same place on
every page. It’s similar to the method used in screen forms where each
descriptor has its own specific location on the screen. You would use this
style of report if, for example, you were giving detailed information on
the results of a characterisation trial for a particular accession (see ex-
ample in fig. 10), or using pre-printed stationery (such as invoices), or
producing address labels.
Fig. 10. Detailed reports for two different characterisation trials. Descriptors are in
the same place on each page
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More commonly, you’ll want to produce reports which list selected
data for several accessions on one page in a column format, similar to
the forms illustrated in examples 1 to 4 earlier in this chapter (see figs. 6-
9). Each descriptor will occupy a particular column on the page. The
report might extend over several pages. Each page should therefore have
the same basic design.
3.4 Design of the report
3.4.1 Give each page of the report a title, a page number and a date
You must be able to tell at a glance what any report is about. There-
fore, give it a title!
Reports often extend over several pages. If the pages get separated, it
may not be obvious which report they belong to or where they belong in
the report. So, put the title and a page number on each page. Also, get into
the habit of putting the date on the report. You don’t want to mix up the
old reports with newer ones, as you could find yourself working with
out-of-date information.
3.4.2 Arrange the columns in a useful order
Think carefully about how the columns should be arranged on the
form. If you are comparing two columns it’s sensible to put them side by
side.
3.4.3 Give each column a title
It must be clear to the person reading the report what information is
contained in each column. Descriptors are the obvious choice for column
headings. But problems occur when you have a lot of columns and the
descriptors have long names such as “mean days to flowering” and “re-
sistance to Helminthosporium maydis”. You will quickly run out of room
on your page.
The easiest solution is to wrap column headings onto more than
one line, so you should first explore whether your software allows you
to do this. Otherwise, if the software you are using has a “report sum-
mary” feature, you can give each column a number or abbreviation and
then in the report summary list the column numbers or abbreviations
next to the relevant descriptor name (see fig. 11). If your software has
neither of these features you could consider: 
1. Splitting the report into two or more separate reports containing
sub-sets of the descriptors. If you do this, think carefully about what
information you need to see on the same page.
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2. Producing the report with column numbers or abbreviations and
listing these on an separate information sheet. If you use this op-
tion, you should ensure that you supply the information sheet with
each report otherwise there might be some confusion.
3. Think again about how the report is going to be used. Do you really
need all the specified descriptors on the same page?
ACCESSIONS WITH SEED VIABILITIES
IN RANGE 70-80%
1 2 3 4  5
Barley EGB 4962 17/07/91 79% 28/07/9
EGB 4976 21/05/91 78% 05/06/9
Maize EGB 1007 15/04/90 80% 22/07/9
EGB 3231 15/04/91 75% 13/09/9
Wheat EGB 1999 17/10/91 72% 14/08/9
1. Crop name
2. Accession number
3 . Batch reference
4 . Viability
5 . Date of next viability test
Fig. 11. Report with numbered columns. Column numbers are listed next to corre-
sponding descriptors in the report summary
3.4.4 Aim for consistency between reports
People will find it easier to use reports if there is consistency in the
design of different reports. For instance if you are producing different
reports on seed inventory it will help if the columns are arranged in the
same order.
3.4.5 Exploit the available features of your software
Study all the features of the software you have chosen and exploit
them to the full in your reports.
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For example, certain software is able to group records with the same
value for a particular descriptor (e.g. the same crop name) and then per-
form calculations or statistical analyses on other fields in the record. So,
in a report on accessions which need seed testing it could calculate how
many accessions of each crop need testing, or even how many acces-
sions need testing in a particular month. This kind of information can be
very useful and might save you a lot of time in the future.
3.5 Printing the report
“The report looks alright on the screen but when I print it out it looks terrible!“
If you have used other software for word processing, desktop pub-
lishing, graphic design or spreadsheets, you may have encountered prob-
lems when trying to print out your work. Many of these problems can be
solved after a careful reading of your printer manual and the section in
your software manual concerned with printing the reports. However,
there are a number of problems which are commonly experienced which
are discussed in the following sections.
3.5.1 The size of characters and the printer font
Your printer might be able to print characters in different sizes.
Obviously, when the character size is larger, fewer characters can fit on a
line. It might also have the ability to print in a number of different fonts.
Compare the following three different fonts:
Notice the difference between the same character in different fonts.
Notice also that some fonts take up more space than others so the line
length for “Plant Genetic Resources” is different in each case.
Fonts can be split into two. categories according to how they are
spaced: monospaced and proportionally spaced. Each character in a
monospaced font occupies the same space e.g. “i” takes up the same
amount of space as “o”.With proportionally spaced fonts, the space oc-
cupied varies from character to character. The difference between the
two classes of font can be demonstrated by the following example:
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Monospaced font:
Proportionally spaced font:
Check the fonts available to you in your software and on your printer
and ensure that the settings do not conflict.
If the report columns are aligned on the screen but not on the printed
page, you should:
1. Check the font that is being used. Try changing this to a monospaced
font such as “Courier”
2. Check the character size. Is it too large? If so, reduce it. Consult
your manuals to find out how to do this.
3.5.2 Limitations of some printers for report printing
Dot-matrix printers can only display a limited number of characters
per line. Many dot-matrix printers have 2 paper size settings; standard,
which allows 80 monospaced characters per line, and wide which allows
132 monospaced characters per line. If the total width of fields in a report
exceeds this character limit (including the spaces), extra text will wrap
onto the next line. Therefore, if you are using a dot matrix or daisy wheel
printer, make sure that the total width of your report does not exceed
this limit.
If you are using wide paper make sure that the printer has been set
up to accept the wide paper: the printer is not intelligent – it has to be
told to expect wide paper, either by the software or by changing the
manual settings on the printer.
3.5.3 The page length
The page length for your report must be set in your software and,
for some printers, it also needs to be set on the printer itself.
It is often possible to alter the settings on your printer, so that it can
accept a certain length of paper (e.g. 8.5", 11", 11.7" (A4), 12"). If the printer
is set to expect 12" paper and you use 8.5" paper, the results can be un-
predictable. Make sure that the settings on the printer agree with the
paper size you are using. Consult your printer manual to-see how you
can configure the printer correctly. Bear in mind that sometimes the soft-
ware can overrule the settings on the printer.
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4
If you have to specify the number of lines per page in your software
when you design a report, make sure this corresponds to the correct
number of lines for the size of paper you are using. If you make this
number too high or too low, your pages might have large areas of blank
space.
3.6 Stages of report design
The stages of report design are summarised in the chart in fig. 12.
Familiarise yourself with the features that your software has
for designing reports. For each report, try several designs to
find the one that is the most convenient to use
Identify the data file or files that will be used in the reports.
Determine how the files will be linked, the criteria for the search
and the order in which the records will be sorted
Design screen forms that will be used to accept input from
the user in the generation of the report
Combine the report with the screen forms and the commands that
will instruct your computer to generate the report. Test the report
for the appearance of the output and ease of use
Add the report generation option
to your menu driven system
Document the report for future reference
Fig. 12. Stages of report design
Implementing the data management features of your
software
Once you have designed the various screen forms and report for-
mats, you can begin to work on the routines for managing the data in
your documentation system. It’s not possible here to go into great detail
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4.1
about how you can do this, as a lot depends on the software you are
using but we can look at some general considerations.
The stages of developing your data management routines are illus-
trated in fig. 13.
Understand the documentation procedure
Develop a logical design for each routine
Implement the routine using the features of your software
Test the routine thoroughly with selected data
and with the users of the system
Fig. 13. Stages of developing data management routines
In the following sections we will look at some considerations which
might affect the way you manage your data.
Data entry (new records)
Usually when entering data, you will only be working with one file.
However sometimes you will want the data you enter in one file, to au-
tomatically trigger data entry, or automatically update data in another
file.
For example, when seeds are removed from the cold store, the cor-
responding documentation procedure would involve:
1. Entering a new record in the movements file
2. Updating the appropriate record in the inventory file.
Using your software, you can set up a system to automatically up-
date the appropriate record in the inventory file when you enter a new
record in the movements file. But before this can happen, the files must
be linked.
There are some other considerations when developing routines for
data entry.
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4.1.1 Trap duplicate records
You can use your software to disallow duplicate records. The fol-
lowing examples should illustrate how this can be achieved.
Registration and passport files
There should only be one record for each accession since the regis-
tration and passport data will a ways be the same for a particular acces-
sion. Therefore, when these data are entered, a check should always be
made to see whether a record already exists for the accession. If a record
does exist, either data entry should be disallowed, or the user should
only be allowed to modify certain fields of the existing record.
Characterisation files
Duplicate records can be trapped by cross-referencing the identify-
ing fields of accession number, batch reference and date of test. These
uniquely identify a record. If a record exists, either data entry should be
disallowed or the user should only be allowed to modify certain fields of
the existing record.
Inventory file
The identifying fields of accession number and batch reference can
be used to trap identical records. These uniquely identify a record unless
identical seed batches are stored in different locations in the cold store.
Again, if a record. exists, either data entry should be disallowed or the
user should only be allowed to modify certain fields of the existing record.
Seed viability testing file
You can trap records which have the same accession number, batch
reference and date of test as these uniquely identify a record. However,
over a period of a few years this file might become very large and it will
contain test data for seed batches which no longer exist in the cold store.
How can you ensure that this file only contains data on seed batches which
exist? You could consider implementing an additional routine for the main-
tenance of the inventory file that will allow the user to do two things:
1. Delete a record from the inven-
tory file. i.e. a particular batch
of seed which has been ex-
hausted
2. Remove all seed viability test-
ing data relating to this batch to
a second seed viability “his-
tory” file. This history file
might be useful some time in
the future as an information
source for, say, the long term
viabilities of seeds.
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Before deleting a record, you must think carefully about whether
you are likely to want to use the data again. If you think it might be
useful for future reference, it should be moved to the history file. Other-
wise, it can be deleted.
4.1.2 Use the software to allocate accession numbers
Two accessions should
It’s vitally important that two accessions should never have the same
NEVER have the same
accession number. After all, the accession number forms the basis of the
accession number
entire documentation system for accession-specific data!
If the allocation of accession numbers is part of the documentation
procedure, you should use the software to assign them automatically.
You would then never have to enter a new accession number, it will be
done for you.
If your software does not have an automatic option to do this, you
could consider keeping a separate data file which maintains one record –
the “most recent” accession number. Let’s call this file the “count” file.
When the screen form for data entry is used, the “most recent” accession
number is increased by 1 and displayed on the new form. After success-
ful data entry, the incremented accession number would be stored in the
“count” file.
Can you think of any occasion when you might want to enter the
accession number manually in the registration file? You would want to
do this when you are changing from a-manual to a computerized system
and you need to enter registration data for existing accessions. How-
ever, you must make sure that duplicate records are still trapped.
So, you will have two routines for data entry (new records):
1. Sample registration – allocate new genebank number
2. Enter registration data on existing accessions
4.2 Data modification
You should use the features of your software to set up systems for
data modification for each data file in your system. These can be used to
correct errors in specific records, update records with new data and de-
lete any unwanted records. The following features could be incorporated:
1. Browse facility: This allows you to work through one record at a time
and view/edit each record. Usually you can specify the order in
which you want to see the records by sorting before browsing, e.g.
in increasing order of accession number.
2. Search facility: This allows you to locate a particular value in a specific field.
For example, you might want to locate a particular accession number.
3. Protect certain fields: This ensures that fields which the user should
not be able to modify are “read only” e.g. the accession number.
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4.3 Reports
We have already covered in some detail the design and operation of
reports in an earlier section. The separate elements of your report rou-
tine, i.e. the report design, the search criteria and the user input must be
integrated into a single routine option that can be chosen from your menu.
Make sure you include options to:
1. Display the report on the screen
2. Write the report to a file
3. Print on paper/pre-printed stationery
4.4 Examples of logical design for data entry in a crop passport
file
Before you begin to work with the data management facilities of
your software, it is very useful to illustrate the stages of each routine as a
Illustrate the stages of logical design. Consider a procedure for the entry of passport data for a
each routine as a logi- particular crop. The aim of the procedure is to accept and store passport
cal design data for one or more accessions of a particular crop. A possible logical
design is illustrated in fig. 14.
Open the crop passport data file
Display the appropriate screen form
Accept the accession number
Look in data file to find out whether a record already exists
Proceed with data entry
Accept remaining data fur the accession
Save record
Are more records to be tintered?
Stop data entry
Fig. 14. Example of logical design for data entry into a crop passport data file
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5 Developing the menus
However, this is not the only logical design you could develop.
Consider the alternative logical design in fig. 15.
Open the crop passport data file
Display the appropriate screen form
Accept the accession number
Look in data file to find out whether a record already exists
Proceed with data entry
Save record
Pressing the escape key indicates
the end of data entry.
Has escape key been pressed?
Stop data entry
Fig. 15. Example of alternative logical design for data entry into a crop passport
data file
Illustrating the steps of the procedure in this way will help you enor-
mously when you come to implement each routine using your software.
To help users in their selection of procedures, all your routines for
data entry, data modification and report generation should be brought
together into a series of user-friendly menus. Well designed menu driven
systems are easy to use and they’re a familiar feature of many commer-
cial software. Let’s look in more detail at how you can design them.
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5.1
Keep the number of




If you have a lot of different routines, it is a good idea to organise
them into smaller groups for convenience, each group occupying a sub-
menu. You’ll do this to keep the number of items on a menu to a man-
ageable number – the more items there are on a menu, the more difficult
it is to use. But how do you organise these groups? There are two ap-
proaches to consider.
By data operation
You can design the menus according to the data operations, for ex-
ample, enter, modify, search, report. The "enter" sub-menu would con-
tain the data entry procedures, the "modify" sub-menu would contain
all the data modification procedures and so on.
For example, suppose you want to enter characterisation data for
Wild Arachis. You could arrange the first menu (“main menu”) to offer a
choice of data operations, the second menu to offer a choice of subject
areas and the third menu to offer a choice of crops. The sequence might
look like the series of menus in fig. 16.
Screen 1 Screen 2 Screen 3
Fig. 16. An example series of menus for entering characterisation data for wild
Arachis
You select “Enter data” from the main menu. This presents you with
another menu, the “Enter data menu”. From this you select “Characteri-
sation” which presents you with the “Enter Characterisation data” menu.
From the selection of crops you choose “Wild Arachis”.
This organisation is a logical one but it assumes that the user knows
what the data operation is for a particular genebank procedure. For in-
stance, when seed is removed from the seed store, what is the data op-
eration – “enter”, or “modify”?
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5.2 Design of the menu driven system
5.1.2 By subject area
The other approach is to design the menus according to their sub-
ject area, for example registration, passport, characterisation, seed test-
ing, inventory. This way the occasional user knows where to look for a
particular documentation procedure.
Using the example of data entry for wild Arachis, the sequence of
menus might look something like the series of menus in fig. 17.
Screen 1 Screen 2 Screen 3
Fig. 17. An alternative example series of menus for entering characterisation data
for wild Arachis
In both menu systems, you have to look at three menus to find the
relevant procedure. Which organisation do you prefer? Which organisa-
tion do you think the users of the system would prefer? Can you think of
any other organisations?
You may be working with one of three different styles of menu driven
systems: full screen menus, bar menus and pull down menus.
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5.2.1 Full screen menu
Menu options are displayed vertically, and usually centered on the
screen as illustrated in fig. 18. The user selects the desired option by using
the keyboard keys or mouse to select the option.
Fig. 18. Full screen menu
5.2.2 Bar menu
Menu options are displayed in a band at the top of the screen as
illustrated in fig. 19. Again, the user selects an option using the keyboard
keys or the mouse.
Fig. 19. Bar menu
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5.2.3 Pull down menu
As with the bar menu, the user selects one of the options from this
menu with either the mouse or a specific keyboard key. The sub-menu is
then displayed as a column below the main menu option as in fig. 20.
Fig. 20. Pull down menu
Bar menus are the simplest in design but you have little freedom in
the layout of the screen. Pull down menus are usually faster to use, par-
ticularly when using a mouse. Full screen menus offer the most freedom
in design but are often slower to use than pull down menus.
We’ve already looked in some detail at the design considerations
for screen forms. Similar considerations apply to the design of menus.
When designing any type of menu you should:
1. Organise the menus according to data operation or subject area
2. Aim for consistency in design. Experiment with different basic de-
signs and choose one which will be used for all menu screens
3. Use different graphic styles sparingly
4. Avoid putting too many options or too much information on each
menu
6 System documentation
It is important that your documentation system itself is well docu-
mented. Good documentation assists the every day operation of the sys-
tem and is essential for any future modifications of the system.
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Someone else might be responsible for the maintenance of the sys-
tem in future and they will need to be able to understand the logical
structure of the system. If you need to modify the system at a later date
yourself, you will need a detailed reference source to consult: you don’t
want to find yourself saying “Now why did I do it like that ...?”, a com-
mon question asked by people designing computer systems who have
not documented their work adequately.
Each procedure should
One of the reasons that systems often have very little documentation
be documented as it is
is because documentation is often left until after the complete system has
designed and imple-
been implemented. As documentation systems are dynamic and change
mented
over a period of time, it is difficult to identify the point when they are
“completed”. This dynamic nature of the system often leads to a lack of
documentation. Don’t fall into this trap. Each procedure should be docu-
mented as it is designed and implemented. Documentation is much easier
if it is done as the system is being designed and built, while the concepts
are still fresh in your mind.
The approach to documentation is essentially the same for both
manual and computerized systems.
6.1 Construct flow charts to illustrate each procedure
When documenting each documentation procedure, it is useful to
construct a flow chart. List what occurs at each stage of the procedure.
Indicate what files, menus and manual or screen forms are being used at
each step and any relations between data files. Accompany each flow
chart with a written description of the procedure.
6.1.1 Genebank procedures
1. Construct a flow chart for each procedure. An example was given on
page 64, Chapter 4, of a flow chart illustrating the seed cleaning proce-






Fig. 21. Seed cleaning procedure for seeds with high moisture content
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2. Construct a flow chart showing the relationship between different
procedures. Which procedures are dependent on others? Which are
independent?
An example showing the relationships between different procedures
performed by genebanks handling seed collections (discussed in Chap-
ter 4) is illustrated in fig. 22.
Sample registration
Seed cleaning







Fig. 22. Procedures commonly performed by genebanks handling seed collections
6.1.2 Data management procedures
1. Construct flow charts for information retrieval. A flow chart show-
ing the different stages of report design was illustrated earlier in
this chapter (fig. 12):
2. Construct a chart showing the organisation of the menu system.
Include all the different menus and illustrate how they are related.
An example is not given here as the organisation of your menu sys-
tem will be specific to your requirements.
3. Construct flow charts to illustrate the processes of backing up data
files and data transfer. Back up methods will be specific to your
system and so are not illustrated here. Data transfer is discussed in
Chapter 10.
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6.2 Supply a detailed specification for each computer file
As mentioned in Chapter 8, most database management software
can automatically generate a detailed specification for each computer
file, referred to as a data dictionary. A data dictionary gives a listing of all
the fields in a particular database file and includes details of specifica-
tions for each field. Consult Chapter 8 for further details.
6.3 Provide an explanation of all the data management features
used
These will be the routines developed using the data management
features of your software and should be supplied on a floppy diskette as
well as in printed form. Make sure it’s clear to which procedure or menu
item the commands refer. Include a logical design for each option to
help in comprehension.
6.4 Provide copies of all forms and sample reports
Copies of manual forms, screen forms and sample reports should
be supplied with the system documentation. You should not have to
consult the documentation system each time you need to see a form or
report.
6.5 Make the documentation useful – include aims and objectives
It’s useful if the documentation contains a list of aims and objectives
for the genebank and a short discussion of how the documentation sys-
tem fulfils these needs. It could also list any limitations of the current
system and areas for future development.
6.6 Write a user guide
If a number of different people are using the system, it will be use-
ful to write a system user guide. The user guide need not be as detailed
as the main system documentation but instead be a simple, step by step
guide to the use of the system. Since the user guide can be used for train-
ing people in the use of the system, it is discussed in further detail in
Chapter 10.
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7 Where to go from here
After establishing whether the software and hardware you have
chosen are capable of supporting your logical system design (the devel-
opments of which were covered in detail in previous chapters), you can
begin to build your system. This chapter has concentrated on the way
that your system will actually operate with your chosen hardware and
software, the physical system design. The chart in fig. 23 summarises
the different stages of building your system.
Develop a screen form for each procedure
Develop reports for information that is
required on a regular basis
Implement the data management
features of your software
Develop menus
Produce detailed documentation for
your documentation system
These forms should be designed to prevent errors
entering the system and to make data entry more
“user-friendly”,
Having identified information requirements, establish
criteria for information retrieval. Define searches,
identify which fields must be linked and clarify any
input necessary from the user.
Look at using the data management features of your
software to:
- Disallow invalid data from entering the system
- Trap duplicate records
- Allocate accession numbers
- Protect certain fields
Explore the browse and search facilities of your software.
Options for each procedure need to be gathered
together into a series of menus. Menu items should
be organised into logical groups.
- Construct flowcharts for all procedures
- Supply a data dictionary for each computer file
- Provide an explanation of all data management feature:
used and, where possible, data management routines
recorded on floppy disk
- Provide copies of sample reports and screen forms
- Include an explanation of the aims and objectives of
your genebank documentation system
Fig. 23. The different stages of building the system
In the next chapter we will move on to discuss the implementation,
operation and maintenance of your documentation system.












Indicate whether the following statements are true or false:
a. A logical system design is a detailed description of how the docu-










Screen forms are used to make data entry and modification “user-
friendly” and help prevent errors getting into the system
Fields should appear in the same order on the screen form as
they do in the computer file
Features of the software should be used to trap errors after they
have got into the system
The format for a report can be completely different from the for-
mat of the corresponding data entry form
Records should be sorted into a certain order before they are
printed in the report
Reports should only be printed using a monospaced font
Menus make the documentation system easier to use
Documentation of your documentation system should only be
carried out when the system has been fully tested and imple-
mented
j. Flowcharts form an important part of system documentation
Distinguish between logical and physical design. What consider-
ations might make you change the logical design for the system?
What are the advantages of using screen forms for data entry and
modification? Explain how you would make a screen form user-
friendly.
Describe the features that many software have in minimising errors
in data entry.
Suppose you need to produce a report listing accessions with low
seed viability. Describe the different stages you would follow in pro-
ducing this report.
Describe how data management features of software can be used to
build routines for data entry and data modification. Recall the logi-
cal design of a routine used for entering passport data.
Explain why menu driven. systems are commonly used and how
the different routines in plant genetic resources documentation can
be organised in a series of menus.
Why is it important that the documentation system itself is well
documented? Describe the approaches you can use in system docu-
mentation.
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Chapter 10
Implementation and maintenance of the
system
Chapter 10 will discuss the implementation of your documentation sys-
tem, data exchange between different systems and applications, consid-
erations for data security and procedures for modifying your system.
When you have finished this chapter, you will be able to:
Prepare a suitable training program for users of the system
Select the best way for your genebank to introduce the new system
Establish efficient routines for exchanging data:
(i) between your documentation system and other documentation
systems
(ii) between your documentation system and other applications
Identify the principal sources of data corruption and how these can
be avoided
Take steps to protect your system against infection by computer
viruses
Modify your documentation system to accommodate the inevitable
changes in the working practices in your genebank
Review the changing information needs of your genebank and an-
ticipate these in your documentation system
1 Implementation of the documentation system
Implementing your new documentation, system involves drawing
together the work you have done to date on all aspects of the documen-
tation system design, to form a fully operational physical system that
meets the specification developed in your analysis.
Whether your new system is manual or computerized, its imple-
mentation is a big project which requires much careful planning. If you
are working in a small unit and you alone are responsible for documen-
tation, implementation is fairly straightforward – having designed,
checked and documented the system,. you can start using it immedi-
ately. The process is more complicated if you are working in a larger
unit where other people will be using the documentation system, or if
the documentation system will be operating on more than one site.
Material in this chapter has been drawn from the following reference: Lee, B.S. Basic systems analy-
sis, 2nd ed., Copyright © 1980, 1984 by Stanley Thornes (Publishers) Ltd. All rights reserved.
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1.1
For your documentation system to operate successfully, it is impor-
tant that someone accepts responsibility for its supervision and manage-
ment. It is preferable if one person has sole responsibility for this, if it is
practical at your genebank. This person (called a system manager) must
be available to respond to comments and suggestions from users of the
system on its efficiency and ease of use, and to deal with any problems
that might crop up. The system manager should also be able to respond
to additional information requests, whether they come from colleagues.
at your genebank or from researchers at other genebanks or institutions
who require information on accessions stored at your genebank.
In the following sections we will look at two areas of implementa-
tion which need to be carefully considered to ensure the success of your
documentation system, namely:
1. Training users of the system
2. How you introduce the new system
Training
It is vital that anyone who will be using the documentation system
is given proper training. If users are not given adequate training, they
will not know how to use the system in the most efficient way, and mis-
takes will inevitably be made. Stumbling upon the capabilities of a sys-
Stumbling upon the
tem by trial and error is a very time-consuming way to learn.
capabilities of a sys- Training must be an essential part of the implementation of your
tem by trial and error documentation system, not an optional extra. It is important to think
is a very time-con- carefully about which people will be using the system, what knowledge
suming way to learn they have already and what else they will need to know before they can
carry out the documentation procedures.
1.1.1 Identify staff and skills available
Before you begin to assemble a training program, it is essential to
evaluate the resources available. Staff skills and experience are a funda-
mental resource, which can be assessed using the chart in fig. 1.
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List all the documentation and information generation
procedures that need to be carried out for the
operation of your documentation system
Identify what basic training or experience a user
needs in order to be able to carry out the
procedures identified
Look at the staff available to carry
out these different procedures
Think about what skills, experience and previous
training different staff have and which staff would be best
suited to working with the new documentation system
If you will be running a computerized documentation system,
think about which (if any) staff at your organisation
have experience of working with computers
Think about which staff are familiar with existing
procedures in the old documentation system (if one exists).
If there are coding systems in existence, are staff
familiar with these?
If you are in a position to think about reorganising the staff structure
of your genebank, think about redistributing responsibilities
to take advantage of the skills and experience of certain staff
Fig. 1. Stages of evaluating available staff resources
At this stage you should also think about staff turnover. For ex-
ample, if a member of staff is only going to be with your organisation for
a short period of time, it may not be worth spending a lot of time train-
ing them, only to have to train another staff member after they depart.
1.1.2 Identify training objectives
Identifying training objectives involves a detailed study of each docu-
mentation procedure in turn. Here, you need to think about what the
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user needs to know in order to be able to carry out the different stages of
each procedure. Considerations include:
What menu options are needed to select the documentation proce-
dure
How the screen forms for data entry/modification should be used
Any coding systems that have been used
Any scales that have been used
Any key-strokes which are needed to carry out particular functions
An analysis should be carried out for each procedure in turn, includ-
ing the options for report generation, system back-up and data exchange.
1.1.3 Assess training needs
It is vital to assess the training needs of each individual user. Look
at the knowledge, skills and experience of each user in conjunction with
the training objectives identified above and begin to determine what train-
ing is needed. Identify any weaknesses in staff experience which can be
remedied by the relevant training.
If you’re implementing a computerized system, training will need
to include general instructions on how to operate the computer. The
amount of training required in this area will depend on whether users
have previous experience of using computers. It may be necessary to
give basic instruction, covering such areas as how to switch the com-
puter on and off, how to operate the printer and so on.
Think about whether staff will respond better to training “on the
job”, or whether it would be more beneficial if training is carried out
away from the normal working environment. In a busy brganisation, it
is often better to carry out training away from the usual distractions and
interruptions of everyday work.
1.1.4 Construct the training programme
Training should be designed to stimulate interest and enthusiasm
in the people who will be using the new system. Giving a system dem-
onstration is often a good way to start. It is a valuable way of illustrating
how procedures should be performed and is also an interesting way to
learn. The aim should always be to give the user confidence; if they feel
confident with the system, they will work more effectively and make
fewer mistakes.
Think about a logical order for covering the different aspects of op-
eration of the system. It is usually a good idea to introduce to the system
as a whole, but then to cover each procedure in detail as a separate mod-
ule of the training program (see fig. 2). Include a module on general
Chapter 10: lmplementation and maintenance of the system 2 2 3
maintenance of the system, giving instructions on backing up the sys-
tem and guidance on data security and how to attempt to keep the sys-
tem virus free.
Training Programme Schedule
Module 1: System demonstration All staff
Module 2: Computer basics Group A
Module 3: Procedures Groups A & B
Module 4: Report generation Groups A & B
Module 5: System maintenance Groups A & B
1. Data transfer
2. Backing-up the system
Module 6: Practical session &
exercises
Groups A & B























Note: Staff members have been split into 2 training groups: A and B, based on
previous computer experience. Please consult the system manager for
information on grouping.
All training sessions will be held in room 216
Fig. 2. Example of a training programme schedule
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Think about whether the training should be carried out all at once,
i.e. a continuous period of intensive training, or whether it would be
better to break the training down into smaller sessions, spread over a
longer period of time. There are advantages and disadvantages to each
of these approaches. When split into smaller sessions, training does not
interfere as much with the normal work load of your genebank. How-
ever, many people respond better if training is not fragmented, as it means
that they can concentrate on understanding how the new system works,
without the inevitable distractions of every day work.
Exercises modelled on actual documentation procedures are a use-
ful way to give confidence in using the system. These could be carried
out as part of the training program under your guidance. Make sure you
set up a copy of the main database, or a database containing sample data
for the user to work with at this stage. You do not want any of the accu-
rate data in your main database to be accidentally modified or damaged
in any way.
Training is more effective if performed on a personal basis. People
respond well to individual tuition or teaching in small groups as they
feel more involved with the system they are using. It also gives them the
opportunity to raise questions on areas they do not fully understand
without embarrassment or the worry of holding up colleagues. Areas
that they are familiar with and areas that are easier to grasp-can be cov-
ered more quickly or in some cases omitted completely. This leaves more
time available to devote to
the more complex areas
and means that the train-
ing can be more flexible.
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1.1.5 Produce a user guide
1.2
Produce some documentation for each procedure,
which illustrates step by step how each procedure is
carried out using the new system. This can be in the
form of a user guide.
When you come to train users, the training ses-
sion will be fairly intensive and it is unlikely they will
remember everything that you cover. Having a user
guide to refer back to at a later date is essential. How-
ever, written instructions are no substitute for actual
“hands-on” training.
1.1.6 Training evaluation and follow up
Evaluating your training program after it has taken place gives an
opportunity to assess whether it has achieved the goals outlined. It also
provides valuable feedback for use in future training programs. There
may be areas of operating the system on which users are still unclear.
These areas need to be covered in any follow-up training sessions and
concentrated on more in any future training programs. Follow up train-
ing, after users have had the opportunity to work with the system for a
period of time, is valuable in that it can help you to assess the ease with
which certain concepts can be grasped as well as the impact of the initial
training program.
Training sessions provide an opportunity to get feedback from us-
ers on how easy the system is to use. They might have ideas on how the
system could be improved, which could be incorporated in a future ver-
sion of the system.
Introducing the new system
You can introduce your new system when:
The equipment is fully functional and available for use
All data have been transferred from the old system
The system has been thoroughly tested
Users have been fully trained
When a new system is introduced, there are certain to be initial dif-
ficulties and queries from the users. It is essential that you are available
on the date of change over and for several days afterwards and that your
time is free to oversee this change-over and deal with any problems or
queries that arise.
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Whether you are changing to a computerized system or a new
manual system, you will need to think about how the data will be trans-
ferred from your current system (if one exists) into the new system. If
you have a lot of existing data, keying it into the computer or transfer-
ring it onto different manual forms can be a very time-consuming pro-
cess, but you obviously cannot begin to work with the new system until
all the relevant data are in place. Be realistic about the time this will take
when setting deadlines for introducing the new system.
Change-over should If no documentation system is currently being used, introduction of
be carefully planned the new system can be instant. However, if an existing manual or com-
puterized system is being used, the change-over should be carefully
planned. It might need to be a more gradual process. In the following
section we will look at the relative merits of the different ways of intro-
ducing the new system.
1.2.1 Immediate change-over
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Immediate change-over is a realistic option only if there will be a
few users of the system.
Before the change-over takes place, the system must be checked to
ensure that all the data are accurate and compatible. Each procedure
should also be thoroughly checked to ensure that it can be performed
smoothly and accurately.
Then on a predefined date, which all users must be made aware of
well in advance, the new system can be introduced and the old system
discontinued. Training of all users must be carried out before this date.
This is a simple approach, but it can run into problems if there are
errors in the new system which were not detected previously. It is there-
fore essential that you test your system as thoroughly as possible before
the date of change-over.
1.2.2 Operate the new system in parallel with the old system
If you decide to introduce your new documentation system by op-
It is essential that all us-
erating it in parallel with the old system, it is essential that all users un-
ers understand the im-
derstand the importance of keeping both systems up-to-date. The con-
portance of keeping both
cept behind this approach is that if there are any problems with, or er-
systems up-to-date
rors in the new system, the old system can still be referred to for all
documentation and information requirements. If both systems are not
diligently kept up to date, the whole exercise is pointless. For example, if
you find different values stored in the different systems, how do you
know which data are correct? If you decide to introduce your system in
this way, this concept should be explained as part of the training pro-
gram.
With this approach, again it is essential to test your system thor-
oughly before change-over However, any problems with the new sys-
tem will not be quite as devastating as with immediate change-over, as
the old system can be referenced.
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When you are satisfied that the new system is operating efficiently
and accurately, the old system can be discontinued. Ensure users are
informed when this happens and check that they have not encountered
any problems with the new system that you are unaware of.
This can be a safe way of changing over to a new system. The main
problem with this approach is that there is a large duplication of effort in
running two parallel systems and confusion and mistakes are possible if
both systems are not kept diligently up to date.
1.2.3 Phase in the new system
In this approach, the introduction of the new system is a gradual
process. Rather than replacing the entire system all at once, documenta-
tion procedures are split down into separate modules and, after thor-
ough testing, introduced one at a time. The separate modules could be
phased in using either of the two previously described approaches, i.e.
immediate change-over, or by operating the new procedure module in
parallel with the old procedure (and using the same considerations for
discontinuing the old module as set out in section 1.2.2).
The order in which the The order in which the modules are introduced should be logical
modules are introduced
and not randomly chosen. So, in your genebank, a possible logical order
should be logical and
for implementing the separate modules might be first implementing the
NOT randomly chosen
“registration” procedure, then the “seed testing” procedure, then the
“inventory” procedure and so on. This is one possible logical order. A
different order (even the reverse order) might be more logical for your
genebank.
The advantage with this approach, compared with the previous two
approaches, is that there is an opportunity to learn from mistakes at each
stage, rather than be faced with a weight of problems all at once. You
should still make sure that this sort of change-over is carefully adminis-
tered to avoid any confusion.




If a documentation system is going to be useful, easy maintenance
of reliable and accurate data is essential. This is sometimes referred to as
data integrity. Maintenance of data integrity is a vital part of the mainte-
nance of your documentation system; In this section, we will look at
ways in which data integrity can be threatened and steps that can be
taken to counteract this.
There are four main ways in which data integrity can be threatened:
Human error – data are entered wrongly or accidentally deleted or
modified
Software errors – errors in the software (known as bugs) causing data
corruption
Hardware errors – failure of hardware causing data corruption
Malicious damage – by other persons or computer viruses
Maintaining data integrity involves maintaining the security of the
system. The following sections suggest some useful practices which help
to achieve this.
Procedural controls
One effective way of ensuring data security is to restrict the number
of users who have access to the system. This can be by simple physical
restrictions (e.g. the computer or manual files are in a room which can be
locked) or by using passwords to protect the computerised system (or
parts of the system) from users who have not been trained in their use.
Other considerations concern using features of the software to pre-
vent errors getting into the system. These considerations have been dis-
cussed in detail in Chapter 8. For instance, masks should be used exten-
sively for data entry and modification to avoid accidental entry or modi-
fication of data unrelated to a particular procedure. Also fields should be
set up to accept only valid responses. Importantly, users should only be
able to access the system through the menus: they should not use the
“back door” to the database via the database management software.
Perform regular back-ups of data files
Disasters can happen, even in the best regulated of systems. You
might accidentally delete data files, your hard disk might fail, there might
be a software fault which corrupts your data, a virus might infect your
system, there might be a power-cut, lightning might strike the building
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and destroy electrical equipment ...These situations might seem un-
likely but they do happen and they have happened to people working in
genetic resources documentation!
5.00pm - Back-up database
By making regular copies of all your important data files you will
protect yourself against all possible disasters. Do this on a daily or weekly
basis. Copy your data files to floppy disks and look into the possibility
of storing them at a separate location. Ensure that the main user menu
contains the option to back-up data files, so that becomes a routine op-
eration. Avoid the situation where you might say “If only I had made a
back-up of the data ...”
Avoiding and eradicating virus infection
In Chapter 7 we looked briefly at how your system can become in-
fected with computer viruses. The risk of infection by computer viruses
can be substantially reduced by taking some basic precautions. How-
ever, it is impossible to completely avoid infection.
If you think you might have a virus, you should first switch off
your computer. Viruses cannot do any damage when the computer is
off. In the following sections we will look at these precautions and also
study the steps you can take to rid your system of viruses should you be
unlucky enough to become infected.
2.3.1 Do not copy software illegally
Copying software is a common source of infection, as if the soft-
ware you are copying is infected, your system will become infected too.
For much software, it is also illegal. Therefore, only install software that
you have bought from a commercial supplier as these are generally ex-
amined for viruses before distribution. Make sure that the disk is sealed
in its original packaging, or if a sales-person installs the software on your
computer, make sure they use the manufacturer’s original copy not their
own copy. The sales-person’s copy might have been used on other com-
puters and could be infected with viruses.
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2.3.2
The back-up you cre-
ated of your system is
indispensable if your
system becomes in-
fected by a virus
2.3.3
Use anti-virus software
There are many commercially available software packages which
you can install on your system to guard against and eradicate virus in-
fection. Some anti-virus software is automatically activated when your
computer starts up, and will routinely check all disks you use. Other
anti-virus software requires you to instruct it to check any new disks
you are using. Certain software can create a copy of vital areas of your
disk which will help you recover from potential disaster. However, you
need to create this copy before any damage occurs. Study your anti-virus
software manual on how to do this.
Anti-virus software can only guard against viruses it has been de-
signed to recognise. As there are new viruses appearing all the time, the
software won’t be able to stop all possible infection, but it can signifi-
cantly reduce the risk.
If viruses cannot be removed by anti-virus software, it may be nec-
essary to erase all the infected files and re-install them from the original
disks, but this should only be a last resort. For boot sector viruses, you
may also have to reformat the entire disk. The back-up you created of
your system is indispensable if this happens.
If you are unsure how to remove viruses and prevent them from re-
infecting the system, you should seek professional advice.
Write-protect your program disks
When installing new commercial software from floppy disks, write-
protect the disk before you install the software. This involves placing a
write-protect tab on the disk. Consult your computer handbook to find
out how to do this (see also figs. 3 and 4). A write-protected floppy disk
cannot be infected by computer viruses. However, with some software,
part of the installation process involves writing to the floppy disk and so
write-protecting the program disk would not be an option.
Notch open = Write-protected
Fig. 3. Write-protected 3½ inch disk





Fig. 4. How to write-protect a 5¼ inch disk
2.3.4 Keep a virus-free, write-protected system floppy disk
Under normal circumstances, your system will reference the hard
disk when starting up. As we mentioned in Chapter 7, it is possible to
start your system from a bootable floppy disk, known as a system disk. It
is good practice to keep a write-protected system disk in case your hard
disk becomes infected with a virus.
2.3.5 Make program fi les “read-only”
Consult your computer handbook to find out how to make your
program files “read-only”.This won’t prevent all virus attack but it’s a
simple preventative measure that reduces the risk of infection.
Remember: prevention is better than cure. Adopt basic safety stan-
dards and make sure that all users of the system know what these stan-
dards are.
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3
It helps considerably if
databases at different
sites are managed by
the same software and
if database files have
the same structure and
use the same formats
for the data
Aim for uniformity ac-
ross the sites
3.1
Data exchange between documentation systems
The ability to exchange data between your documentation system
and databases on separate computers or sites or between different appli-
cations on the same computer is a very important consideration. If data
can be exchanged easily, the value of your documentation system will
be considerably enhanced. Occasions when you might want to do this
include:
Exporting/importing data to/from other database systems
Exporting data to a word processor or desktop publishing software
for the preparation of high quality reports or catalogues
Exporting data to a spreadsheet or to statistical software in order to
perform complex calculations
Import of data from spreadsheet or statistical software. (This allows
you to perform calculations and analyses on your data before it is
stored in the documentation system).
You may wish to use data from a database at another genebank and
similarly, they may wish to use data stored in your database. If you’re
going to be exchanging data between databases on different sites on a
regular basis, you’ll want it to be a smooth and painless procedure. It
helps considerably if the databases are managed by the same software. It
helps even more if the database files at different sites have the same
structure and use the same formats for the data.
If you are setting up a documentation system that will operate on
more than one site (e.g. at different research stations) you should aim for
uniformity across the sites. In practice, this means that all the sites will
operate the same version of the menu driven documentation system you
use yourself, perhaps using fewer documentation procedures. This will
make data exchange more straightforward.
Remember to make sure that data on your genebank accessions can
be distinguished from data on accessions at other stations stored in your
database. If different genebanks operate different accession numbering
systems, the accession number will identify where the accession is stored.
Methods of data exchange
Sometimes, data exchange with other computers simply involves
copying files from your computer onto a floppy disk and then retrieving
files from the floppy disk on another computer. Floppy disks are a con-
venient method of exchanging data between computers. They are por-
table and easy to send by mail to contacts at other genebanks.
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Data can also be exchanged between computers which are networked.
A computer network is a group of computers, usually in one building or
on a single site which are-physically linked together using cables.
If computers are situated in different geographical locations, it is
possible to exchange data files using national and international telecom-
munications systems and the appropriate communications software.
Exchange selected data
If you plan to exchange data regularly, explore the features of your
software to see if it is possible to “flag” data that has been added or
modified since data was last exchanged. Some database management
software enables you to do this by giving you the option to store the date
when a record was last modified and the date a new record was added.
Data modified after the last date of exchange can then be selected and
transferred, rather than transferring a copy of the entire database.
Problems in data exchange
Unfortunately, data exchange is not always straightforward. In the
following sections, we will try to look at some of the problems encoun-
tered when exchanging data.
3.3.1 Different descriptors or descriptor states used
Data exchange between databases is usually straightforward if files
are identical in structure, i.e. they have the same field structure, field
names and field specifications, the same quantitative and qualitative scales
and the same systems of coding.
If the fields do not have the same specifications, you risk losing or
corrupting your data in transfer.
Table 1 lists some examples of where data exchange between two
files is problematic because of the different conventions used.
Table 1. Examples of where data exchange between two files is problematic
Collection source 2 = farm land 2 = backyard Different codes used for the nominal scale
Mature leaf size 9.5 cm 5 Different descriptor definitions as a result of the use
of different types of scale: continuous and ordinal
Monthly rainfall 1 7 m m 1.7 cm Different descriptor definitions as a result of the use
of different units
Photograph taken + Y Different codes used for binary scale
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Try to ensure that the
SAME DESCRIPTORS
with the SAME DESCRIP-
TOR STATES are used in
different databases if you
wish to exchange data be-
tween them
3.3.2
ASCII format is a com-
monly accepted file format
Which file formats
can you accept?
You should try to ensure that the same descriptors with the same de-
scriptor states are used in different databases if you wish to exchange
data between them. It is not impossible to exchange data when descrip-
tors and descriptor states are different, but the process is more compli-
cated. For example, if a descriptor has been recorded in separate files
using different scales or a different set of codes, before you can exchange
data; it needs to be translated to the system of scales or codes used by the
recipient file.
Note: If your database requires you to specify field widths when
defining fields, make sure these are identical for the fields you are ex-
changing data between. If they are different, you run the risk of losing
data.
If there are people with computing expertise at other sites with
whom you intend to exchange data, you should work with them to make
sure that there is uniformity in descriptors used and compatibility in
any file structures that they develop.
Different file formats used by different applications
If data are being exchanged between different types of software pack-
ages, the process is more complicated. The format of a file will differ
depending on the software used to generate it. Different software pack-
ages for database management, spreadsheets, word processing, desktop
publishing, graphic design and statistical analysis all use different file
formats, which are not directly compatible.
However, most commercial software packages have data import and
export facilities, for converting to and from file formats other than the
one used by the program itself. Also, the facility to convert to certain
standard file formats is usually available.
The ASCII file format (American Standard Code for Information
Interchange) is probably the mostly widely accepted text-based file for-
mat. Most commercial software packages such as database managers,
spreadsheets, statistical analysis packages, word processors and desk-
top publishers can produce and process ASCII files.
If you are exchanging data with another genebank, check with them
the formats in which they can accept data. Also inform them of your
preferred file format. If in doubt, use the most commonly accepted file
format: for database management software. this is often fixed field ASCII.
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What operating
system do you run on
your computer?
is your computer
linked to a network?
3.4
NEVER use existing
data in the test proce-
dure
Make a back-up copy
of the different files
involved BEFORE
you transfer any data
3.5
Floppy disks were mentioned as a convenient and simple method
of exchanging data between computers. However, when exchanging data
between computers running different operating systems, the process is
not quite so straightforward. In order to exchange data on a floppy disk,
conversion software must be used. This will enable your computer to
read data from a disk generated by another computer running a differ-
ent operating system and vice versa.
Alternatively, data can be exchanged over a computer network, as
computers with totally different operating systems can be linked together
on a network. This provides a useful route for data exchange between
computers running different operating systems.
Points to bear in mind when exchanging data
Whether you are exchanging data between databases managed by
the same software, databases managed by different software or between
totally different types of software packages using different file formats,
there are a number of points you need to clarify before attempting data
exchange. These are illustrated in the flow chart in fig. 5.
You should always check thoroughly the accuracy of data exchange
with test data- never use existing data-in the test procedure as you might
lose valuable data in the process. Also, as a safety measure, always make
a back-up copy of the different files involved before you exchange any
data. That way if things go wrong, you will always be able to recover
any data that get corrupted or lost in the process.
Data exchange between spreadsheets and databases
Spreadsheets generally have a greater facility for statistical analysis
than database management software and it is for this reason that they
are commonly used in genetic resources work. In order to use spread-
sheets in conjunction with database management software, a system must
be developed for straightforward and error free data exchange which is
not labour intensive.
Data exchange between spreadsheets and databases often involves
re-organisation of data before it can be exchanged. For example:
The file structure may need to be modified so that the recipient soft-
ware package can recognise the different data elements
The data themselves may need to be transformed to comply with
descriptor states, scales and codes used
The field specifications may have to be modified to match the speci-
fications defined in the recipient software package
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It is worth spending time devising the most efficient method of data
exchange, especially if you need to exchange the same files on a regular
basis. Consult your manuals for the best way of doing this. Use the data
management features of your software to set up a routine option for
regular data exchange and include this as an option on your menu sys-
tem.
It is often much faster and less complicated to transfer data from a
database to a spreadsheet than to transfer data in the other direction.
Look at your requirements for data analysis and ask yourself whether
your data can first be recorded in your database and then exported to a
spreadsheet for analysis.
Are the same operating systems
being used by both computers?
Yes
Is there a suitable way of transferring
data electronically? (over a network?
using floppy disks? using telecommun-




Is the file format acceptable to the
recipient system?
Yes
Is the file structure the same for
both systems?
Yes Yes





Can you transfer files over a network?
Can you use file conversion software
and transfer data on floppy disk?
Can you use telecommunications
facilities and the appropriate
communications software?
1 or more are Yes
No
Look at the import/export facilities of
both systems. Does a commonly
acceptable file format (e.g. ASCII) exist?
Yes
No
Can you modify the file structure so that
the recipient system can recognise the
different data elements?
No
Can you modify the field specifications
so that the file can be imported into the
recipient system without corruption or
loss of data?
Yes No
Computer based data transfer not




Fig. 5. Considerations for computer based data transfer
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4.1
Modifying your documentation system
You have designed a documentation system which satisfies the
genebank’s current documentation and information needs and future
needs have been anticipated as far as possible. So, after spending a lot of
time and effort designing and implementing the system, the very thought
of change might be an alarming one.
Reasons for change
Genebank documentation systems are rarely static and unchang-
ing. Instead they are dynamic and evolve to accommodate the changing
documentation and information needs of the genebank.
4.1.1 Changes in genebank objectives
Genebanks tend to expand over a period of years. As they do, poli-
cies change, new crop accessions are accepted, new areas of work under-
taken, current areas of work are phased out, new collaborations with
other institutes are entered into. All these changes will have an effect on
the information requirements of the genebank and on the operation of
the documentation system.
For example, as the areas of work change, new documentation pro-
cedures will need to be developed and existing procedures modified or
phased out. It may be necessary to develop new reports for the changing
information needs. New screen forms may need to be designed. Menus
may have to be altered to include new procedures or exclude redundant
procedures. New data files may need to be created and integrated into
the computerized system.
4.1.2 Changes in information and documentation technology
Exciting developments in the capabilities of new
microcomputers are continually taking place. For
example, increased speed of operation, increased
storage capacity, more sophisticated software and
better facilities for communicating with other com-
puters are to name but a few. These technological
advances are becoming continually more affordable
and will have a big impact on the way that your docu-
mentation system can operate. Try to keep yourself
aware of any developments in technology that would
improve the efficiency of your system.
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Take advantage of the software updates. Software is updated with
the needs of the user in mind. So assuming you have chosen a suitable
package to start with, any updates should help improve the efficiency of
your system.
4.1.3 Changes in staff
It’s unlikely that the same people will be working in your genebank
in, say, five years time. People change jobs, new staff are employed. Staff
changes inevitably bring about changes in the documentation and infor-
mation requirements. For example, if a new curator is appointed, would
he or she have the same information requirements as the outgoing cura-
tor? If a new seed handling officer is appointed, he or she might have
ideas on how to streamline procedures or organise work more efficiently.
Any such changes will have an effect on your documentation procedures
and the information demands on the system.
4.2 Reviewing the system
Periodically, you will need to review your documentation system
in order to:
Determine whether it is satisfying current documentation and in-
formation needs
Identify areas which can be improved
Identify new features for incorporation
This review of your documentation system should be approached
in a different way from the genebank analysis you performed prior to
designing the system. The questions you need to ask are different. Let’s
look at some of the issues you need to consider in such a review.
4.2.1 Genebank objectives
Have the genebank objectives changed since the documentation sys-
tem was set up? If they are different, how do they affect the documenta-
tion and information requirements (if at all)? Does your documentation
system still satisfy the information requirements?
4.2.2 Operation of the system
Users should be con- Is the system user-friendly? Users should be consulted for feedback
sulted for feedback on whether any operations need to be modified or manual and screen
forms redesigned. Also there may have been changes in staff since you
designed the system and the new staff may have different needs from
the previous staff.
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4.2.3 Efficiency of the system
Is the system making the best use of available resources (e.g. com-
puters, staff)? It may be that certain documentation procedures you have
designed are inefficient or impractical. For instance, data entry proce-
dures for a computerized system might be impractical (because the com-
puter is located in an inconvenient place) or inefficient (slow or involv-
ing an undesirable duplication of effort).
If you are currently using a manual documentation system, could
your data be managed more efficiently using a computerized system? If
the volume of data being documented is constantly increasing, this is an
option to consider.
If you are using a computerized documentation system, would new
hardware or software significantly increase the efficiency of the system?
4.2.4 Accuracy of the system
Are the reports
useful?
Are all the documented data reliable, accurate and up to date? Is it
easy to detect and correct errors in the system? Are the reports useful?
Try to identify how incorrect data are entering the system and the
necessary steps to take to counteract this. Use the data management fea-
tures of your software to disallow invalid data from entering the system.
4.2.5 Additional information requirements
Do you need any
other reports?
Are all the reports that you are routinely generating useful? Are
any other reports required?
Talk to the people who use these reports or requested that they be
generated, to get their comments on these points.
4 . 3 Planning changes in the system
After reviewing your system, you will have a good idea whether it
is operating satisfactorily and will have identified -areas which require
modification. If you are working in a small genebank and are solely re-
You should not modify
sponsible for the documentation; this review-will not take very long; you
the system without care-
will already be aware of any problem areas!
fully thinking through the However, it is important to demonstrate a need for modifying the
consequences. All modi- system, even if the suggested modifications are minor ones. Above all,
fications must be care- you should not modify the system without carefully thinking through
fully planned the consequences. Otherwise, you might accidentally introduce errors
which can affect documentation procedures and information retrieval.
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This is particularly true if you modify the structure of data files. Changes
in field specifications will affect the operation of screen entry forms, the
appearance of reports and the ability to exchange data.
Any modifications to the documentation system need to be planned.
This involves a number of steps which are illustrated in the chart in
fig. 6.
Identify weaknesses
Make a detailed list of the modifications
that need to be made
Assign a priority to each of the
planned modifications
Assess whether any modifications will
affect other parts of the system
Draw up a timetable for implementation
of the modifications
Test modifications before implementation
Do this when you are reviewing your documentation system.
Distinguish between modifications which are needed immediately
(the system cannot work until they have been made) and those
modifications which are needed to cope with future changes in
genebank operation (such as the handling of characterisation
data for new crops). Modifications which are needed immediately
should obviously have a higher priority.
Modifications to a data file structure can affect data recording,
information retrieval and data exchange. They might also affect
the operation of genebank procedures if the procedures are
an integral part of the documentation procedure.
This is optional. But if your documentation system needs to be
modified for a specific deadline, you should draw up a timetable.
For example, if a new area of work is starting later in the year,
you would want to have any new or revised procedures in place
and any necessary reports and screen forms designed and
integrated by this deadline.
Modifications should be tested thoroughly before they are
implemented in the main system, to ensure that data integrity
is maintained and that any new procedures are user-friendly,
efficient and flexible.
Fig. 6. The planning stages for the modification of the documentation system
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4.4 Importance of a flexible documentation system
Genebanks are dynamic bodies. They are constantly evolving to
support the global conservation effort and to meet the needs of research-
ers in the field of plant genetic resources. The genebank documentation
system plays a central role in the support of all genebank activities and
the planning of future projects. Periodic modification of the documenta-
tion system is therefore inevitable. Flexible design of your documenta-
tion system means that any such modifications will be much easier to
implement.
Where to go from here
After working thoroughly through Chapters 1 to 10 of this guide-
book, you will have gained the necessary knowledge to design and imple-
ment a new documentation system for your genebank.
It is important to give a lot of thought to the best way of introducing
your new system. Ensure that you are available on the day the system is
implemented and for several days afterwards to deal with any problems
and queries that crop up.
Training should be an ongoing process. As staff leave and new staff
join, the new staff will require training in the use of the system. As new
computer equipment is added to your system and software updates are
implemented, users will require training in the use of this new equip-
ment and software. Modifications will have to be made to your basic
training program, to incorporate these changes.
You should try to keep up to date with developments in the area of
data exchange and ways in which you can improve the data exchange
facilities of your system. Efficient data exchange facilities will greatly
increase the value of your documentation system.
Do not become neglectful of data security. Ensure that rigorous pro-
cedures are in place to maintain data security and that all users are aware
of the importance of following them. This should be emphasised in all
training programs.
A carefully designed documentation system which is operated in
accordance with the recommendations given in this guidebook, will pro-
vide a valuable resource for you and your colleagues at the genebank.
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6 Exercises
1. Why is it necessary to have a system manager? List some of the
duties that such a person might perform.
2. List the three ways of introducing a new documentation system.
What are the advantages and disadvantages of each approach?
3. Adequate training in the operation of a documentation system is
essential to the success of the system. State briefly the considerations
which have to be taken when constructing a training programme
with regard to the available staff resources and their training needs.
4. What steps would you take to reduce the risk of virus infection in
your system?
5. List ways in which data exchange between documentation systems
can be facilitated. What precautions should you take when devel-
oping procedures for exchanging data?
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A distinct sample of germplasm which is main-
tained in a genebank for conservation and use.
accession number
A unique identifier assigned to each accession
when it is registered with a germbank.
active collection
A collection of germplasm used for regeneration,
multiplication, distribution, characterisation and
evaluation. Ideally germplasm in the active collec-
tion should be maintained in sufficient quantity to
be available on request. Active collection germ-
plasm is commonly duplicated in a base collection
and is often stored under medium to long-term
storage conditions.
allele
An alternative form of a gene which can have
different properties when expressed.
ASCII
American National Standard Code for Infor-
mation Interchange. A widely used standard for
d a t a  e x c h a n g e .
B
back-up
A secure system, device, or file which can be
used in the event of hardware problems or data loss/
corruption.
bar code
A pattern of light and dark lines on labels which
can be read by a light pen for direct entry into a
computer.
base collection
A collection of germplasm which is kept for long-
term, secure conservation and is not to be used as
a routine distribution source. Seed is usually stored
at sub-zero temperatures and low moisture con-
tent.
batch
Germplasm from a specific regeneration or mul-
tiplication cycle of an accession.
batch reference
Any identifier such as a date, code or number
which uniquely distinguishes the batch of a par-
ticular accession.
binary scale
A scale for scoring data where there are only
two possible responses.
boot sector
The area of a disk which is accessed each time




A group of dividing, undifferentiated plant cells
formed on or below a wounded surface. It is the
first stage in the regeneration of such tissue. Callus
cultures can be produced in vitro by treating an
excised fragment of tissue with a growth regula-
tor.
CD-ROM
Compact disk read only memory. An optical
disk which can store large amounts of information
such as literature databases and libraries of com-
puter graphics. CD-ROMs require a specialised
drive called a CD-ROM player in order to read the
disks. As the name suggests, the disks allow read-
ing of the stored data but no writing or editing of
data. See also WORM.
In the preparation of this glossary, material has been drawn from the following references: Coombs, J. Dictionary of
biotechnology, Copyright© 1986 by The Macmillan Press Ltd. All rights reserved; McGraw-Hill dictionary of scientific and
technical terms, 3rd ed., Copyright© 1974,1976,1978,1984 by McGraw-Hill Inc. All rights reserved; Elsevier‘s dictionary
of plant genetic resources, Copyright © 1991 by Elsevier Science Publishers B.V. All rights reserved.
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central processing unit
The main microprocessor in a computer which
works with and controls other components. Often
called the CPU.
CGA
Colour graphics adapter. See monitor.
character
1. A recognisable quality or attribute resulting
from the interaction of a gene or group of genes
with the environment.
2. A letter, digit, punctuation mark or special
graphic used for the production of text.
characterisation
The recording of those descriptors which are
highly heritable, can be seen easily by the eye and





A group of organisms or cells descended from
a common ancestor that are genetically identical.
They can be produced by apomixis, parthenogen-
esis, vegetative propagation or tissue culture.
collection
A group of germplasrn accessions maintained for
a specific purpose under defined conditions. See




The management, preservation and use of
known genetic resources so that they might yield
the greatest sustainable benefit to the present gen-
eration while maintaining their potential to meet
the needs of generations to come.
continuous scale
A scale for scoring quantitative data for which
the number of potential values is not pre-defined
and potentially limitless. For instance, the descrip-
tor “seed weight” measured in grams.
CPU
See central processing unit.
crop
A species expressly cultivated for use.
cryopreservation
The preservation or storage in very low tem-
peratures, usually in liquid nitrogen (-196°C).
cultivar
A crop variety produced by scientific breeding
(as in modern, improved or high yielding variety)
or farmer’s selection methods (as in primitive cul-
tivar or landrace).
cursor
1. A flashing symbol on a screen indicating where
the next character can be entered.
2. A symbol, such as an arrow, which is displayed
on a screen and moved with the aid of a mouse
(or special cursor keys).
D
daisy wheel printer
A basic type of printer which generates char-
acters by striking an inked ribbon with a moulded
character.
data
Quantitative or qualitative values derived from
observations.
database
1. General: An organised set of data assembled for
a specific purpose and held in one or more stor-
age media.
2. Computing: A well-organised set of inter-re-
lated data held in one or more files which are
capable of being managed by the same software.
database management system software
Software specifically developed to manage data
stored on a computer. Most database management
system software allows you to perform the follow-
ing basic activities: data entry, modification and
deletion, information retrieval and data exchange.
data dictionary
A description of the meaning, relationship, us-
age and format of data within the data structure of
a database.
data export
The extraction of selected ata from a computer
application.
data import
The incorporation of data originating from an-
other computer application.
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data integrity
The reliability and accuracy of data
data logger
Commonly a portable, hand-held electronic de-
vice used for recording data which can later be
transferred to a computerised system.
data redundancy
The unnecessary duplication of data or infor-
mation in a documentation system.
DBMS
See database management system software.
descriptor
An identifiable and measurable characteristic
used to facilitate data classification, storage, re-
trieval and use.
descriptor list
A collation of all the individual descriptors used
for a particular crop or species.
descriptor state
A clearly defined state which a descriptor can
take.
digitisation
The process of computerizing data from hard
copy. See also graphics tablet.
directory
A unit of organisation On a disk in which files
can be grouped together.
disk
A device used for data storage. See also hard
disk, floppy disk and CD-ROM.
disk drive
A device used to read and write data from and
to disks.
DNA
Deoxyribonucleic acid. It forms the molecular
basis for heredity and is principally found in chro-
mosomes and also in mitochondria and chloro-
plasts.
documentation system
Any way of storing and maintaining data. A
documentation system can use manual methods
(such as hand written records) and/or completely
computerised methods for data storage and main-
tenance. The system is also designed. for informa-
tion retrieval.
dominant
Descriptive of an allele which is expressed re-
gardless of the nature of another allele of the same
gene.
donor
In passport data: the institution or individual re-
sponsible for donating the germplasm.
DOS
Disk operating system. See operating system
dot matrix printer
A basic type of printer which generates char-
acters by electronically manipulating a matrix of
tiny needles to form the required characters.
E
EGA
Enhanced graphics adapter. See monitor.
embryo
The rudimentary plant within a seed which





The recording of those descriptors whose expres-




A specialised modem which can be used to send
and receive faxes.
field
In a record, it is a specified area which always
holds data for a particular descriptor.
field collection
A collection of germplasm maintained as living
plants (e.g. fruit trees, glass house crops and field
crops). Germplasm which would otherwise be dif-
ficult to maintain as seed is commonly maintained
in field collections. It is sometimes the only type of
collection maintained by a genebank.
field name
The label given to a particular field.
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field width
The number of characters that a field can accom-
modate.
file
A set of data (or a program) which is treated by
the operating systern as a single unit.
flag
A clearly visible mark to indicate a particular
condition.
genus
A taxonomic grouping of similar species.
germination test
A procedure to determine the proportion of
seedsthat are capable of germinating under par-
ticular conditions.
germplasm
The genetic material responsible for a plant’s
characteristics.
flat file manager graphics tablet
A simple database management system which
works with one file at a time. More sophisticated
flat file managers can handle several files at a time
and resemble relational database managers.
floppy disk
A portable computer disk with a low storage
capacity. Two sizes are commonly used – 3½” and
5¼”. Floppy disks are commonly used for putting
new programs or data onto the hard disk or transfer-
ring programs/data between different computers.
A flat plate on which a paper containing an im-
age is placed. Using a special pen, a series of posi-
tions on the paper can be marked and these coor-
dinates are entered directly into the computer. This
process is commonly called igitisation. This has
great application when dealing with data from
maps. Also called digitiser, digitising table.
group data
Data concerning groups of accessions.
font
A particular typeface and size including all the
H
characters produced (uppercase and lowercase let-
ters, numbers and punctuation marks). Fonts can
either be monospaced (each character takes up the
same space) or proportionally spaced (the space
occupied varies from character to character.
forage species
A plant species which is eaten by animals
unharvested.
format
The arrangement of data in a file. With database
management software, it can refer to the record defi-
nition used.
hard disk
A computer disk with a large storage capacity
which is usually located inside the computer and
is often not removable.
hardware





G identifying fieldA field which is used to select one or more de-
gene
A basic unit of inheritance which is encoded in
sired records. One or more identifying fields in dif-
ferent files can be used to form a relationship.
a sequence of DNA.
genebank
A genetic resouces centre where germplasm is
maintained in one or more collections.
genetic resources
Germplasm of plants, animals or other organ-
isms containing useful characters of actual or po-
tential value.
A collection of germplasm maintained as plant
in vitro collection
tissue grown in active culture on solid or in liquid
medium. Germplasm can be maintained as plant
tissue ranging from protoplast and cell suspensions
to callus cultures, meristems/shoot-tips and embryos.
In some cases the tissue is stored at very low tem-
peratures such as under liquid nitrogen (so-called
cryopreservation)
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index
Usually a separate file which stores information
on the location of specific records in a database file
based on a single field or combination of fields.
information
The meaning that emerges when data are re-
corded, classified, organised, related or interpreted.
ink jet printer
A “non-impact” type of printer. Electronic com-
mands instruct ink drops to be squirted onto the
paper to form the characters.
institutional genebank
A genebank set up to conserve only the germ-
plasm which is used in (or is potentially useful to)
the research programmes in its host institute or host
agricultural research centre.
interface
Software or electrical equipment where interac-
tion occurs between two systems. For instance, an
operating system is an interface between the hard-
ware and the user of the system.
inventory
A detailed list of accessions held in a genebank
usually with regard to their maintenance and stor-
age.
isozyme
Multiple forms of an enzyme in an organism
which can be distinguished by electrophoresis. Also
called isoenzyme.
L
A set of populations or clones of a crop species
produced and maintained by farmers.
laser printer
A printer which uses laser technology to pro-
duce high quality images for both text and graph-
ics.
layout
The basic design of a page.
logical system design
A model documentation system based on user
requirements, outlining how the system might op-
erate regardless of hardware and software consider-
ations. See also physical system design.
M
mandate crop
A crop, responsibility for whose study and con-
servation has been undertaken by a particular or-
ganization.
mask
A sub-set of the total number of fields available
in a view.
math coprocessor
A microprocessor used to process mathematical
calculations.
mean
A measure of the central tendency of a set of
numbers obtained by dividing the sum of the num-
bers by the quantity of numbers.
media
Any material or electronic device used for data
recording e.g. paper forms, magnetic tape.
memory
The computer’s electronic working space. The
size of the memory affects the size of program a
computer can handle and the speed a program can
run. See also RAM, ROM.
menu
A display of the available options for selection
by the user of the system.
meristem
A local ized region of  rap id ly  d iv id ing,
undifferentiated cells from which new cells arise
that differentiate into specialized tissues. Meristems




A type of computer commonly found in the
laboratory, office or home that can be used on a
desk. Synonymous with personal computer.
microprocessor
A customised and powerful silicon chip which
works with and controls other components of a
given system. The main microprocessor in a mi-
crocomputer is often called the central processing unit
or CPU.
modem
A piece of equipment which converts signals
generated by a computer into a form suitable for
landrace
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transmission over a telephone line. A modem at
the receiving end converts the signals back for use
by the receiving computer. A modem therefore al-
lows communication between computers. Modems
are commonly used to access remote computers
which contain large databases (e.g. literature data-
bases) or specialised software (e.g. for molecular bi-
ology). They can also be used to send and receive
electronic mail.
monitor
A device rather like a television screen which
is used to display what has been typed in and any
output from software which is running. Also called
a video display unit or VDU.
monitoring
The periodic checking of accessions for accept-
able levels of viability and quantity of germplasm.
mouse
A small, hand-held plastic box with one or more
buttons on top, that communicates with the sys-
tem unit (or sometimes the keyboard) via cable or
radio signal. When the mouse is moved on a flat
surface there is a corresponding movement of a
cursor on the screen. Instructions are given by point-
ing at, clicking on and dragging objects displayed
on the screen.
multiplication
The growing out of a batch of an accession to
increase the quantity of conserved material.
mutation
A change in the genetic material in the cell that
results in an abnormal characteristic being ex-
pressed. Changes can be quantitative (the number
of genes or chromosomes) or qualitative (the struc-
ture of the genetic material).
N
national genebank
A genebank set up as a national plant genetic re-
sources centre maintaining many different germ-
plasm samples of current and potential interest for
people working in plant research nationally. Com-
monly it will contain germplasm which has been
collected nationally. Also it may be closely associ-
ated with a research programme or undertake its
own research. A national genebank can be a col-
laborative venture between national institutes or
u n d e r  t h e   r sponsibility of one institute which col-
laborates with other national institutes.
network
An interconnected group of computers. At a
simple level, a network can be a group of comput-
ers in a single building which are physically linked
together with cables. At a more sophisticated level,
a network can be computers on geographically
separate sites which are communicate with each
other using telecommunications systems.
nominal scale
A scale for scoring qualitative data using a se-
ries of pre-defined values. For instance, with the
descriptor “flower colour”, a nominal scale lists the
different possible flower colours that can be ob-
served.
normal distribution
The name given to a pattern of variation com-
monly observed in biological data, commonly por-
trayed by a bell-shaped curve.
O
operating system
The interface between the user and the com-
puter. It controls the operation of programs and
communication with the keyboard, monitor, mouse,
disks, printers and any other peripherals attached to
the computer.
ordinal scale
A scale for scoring quantitative data using a se-




Information about the origin of an accession
(such as details recorded at the collecting site) and
any other relevant information including descriptors
which assist in the identification of the accession.
pathogen
An organism capable of causing a disease in
another organism.
PC
Personal computer. Synonymous with micro-
computer.
pedigree
The record of the ancestry of an individual, ge-
netic line or variety.
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p e r i p h e r a l
Equipment that works with a computer but is
not part of the computer itself such as a printer,




A detailed specification of how a documenta-
tion system might operate in a specific environment
and with the chosen hardware and software. See also
logical system design.
phytosanitary certificate
A certificate from a recognised plant quaran-
tine service, that indicates that a sample is substan-
tially free from diseases or pests.
program
The name given to a series of logical instruc-
tions to the computer which perform a particular
task.
protoplast
The osmotically sensitive structures formed




A  n o n - q u a n t i t a t i v e  d e s c r i p t i o n  o f  t h e
character(s) being examined (e.g. “brown”, “hairy”,
“ h o r i z o n t a l ” ) .
quantitative data
Numerical values derived from measurements
or observations.
quarantine
The official confinement of plants subject to
phytosanitary regulations for observation and re-
search, or for further inspection and/or testing.
R
RAM
Random access memory. The part of the m mory
usually used when working with programs or files.
Information contained in the RAM is lost when the




Random amplified polymorphic DNA. A com-
parative study (among individuals, populations or
species) of the DNA fragment lengths produced in
controlled DNA synthesis reactions started with






A type of access to data that allows them to be
read but not modified. In some cases, data which
are read-only cannot be copied or printed.
recessive
Descriptive of an allele which is not expressed
in the presence of another dominant allele of the
same gene.
record
A set of related fields which are handled as a
unit.
record definition
A detailed description of the structure of a
record and the characteristics of each field. See also
data dictionary.
regeneration
The growing out of a batch of an accession to
restore the viability.
regional genebank
A genebank set up as a collaborative venture be-
tween a number of countries in the same geographi-
cal region to conserve the germplasm from that re-
gion and to support plant research.
registration
The acceptance of a new accession into a gene-
bank, the allocation of a unique accession number
and the incorporation of data accompanying the
sample into the documentation system.
relational database manager
Database management software which can
handle several files at a time, linking them together
using fields which are common to the files. Unlike
flat file managers, the common fields are stored
once only and not duplicated in the different files.
relationship
Produced when two or more files are linked to-
gether using one or more common fields.
2 5 2 Guidebook for Genetic Resources Documentation
report
An output document prepared by database man-
agement software for the purposes of information
retrieval.
RFLP
Restriction fragment length polymorphism. A
comparative study (in individuals, populations or
species) of the DNA fragment lengths produced
by particular restriction enzymes.
software for database management, software for
word-processing, etc.
somaclonal variation
The variation found in somatic cells growing in
culture.
somatic cells
All cells which are not involved in the process
of sexual reproduction e.g. vegetative cells.
ROM
Read only memory. Contains information which
can be read but not changed. The instructions a
computer needs in order to start working when
the power is switched on are contained in ROM.
Information contained in ROM is not lost, even
when the computer is switched off.
species
A group of actually or potentially interbreed-
ing natural populations which are reproductively
isolated from other such groups. Many common
names of organisms denote species e.g. tomato




A device which makes an image of a page and
stores it as a computer file, in much the same way
that a photocopier makes an image of a page and
prints it. Scanners are widely used in scientific work
for the analysis of electrophoretic gels. In the of-
fice, scanners together with specialised software are
useful for reading text from a page and converting
to ASCII characters.
scientific name
An internationally recognised designation used
for the naming of organisms. Scientific names are
commonly expressed binomially (e.g. Secale cereale,
Triticum durum); or trinomially where greater pre-
cision is required (e.g. Brassica oleracea var. botrytis,
Brassica oleracea var. gemmifera). In scientific publi-
cations it is also common for the authority to be
listed e.g. Manihot esculenta Crantz.
screen form
A visual interface between the user of a docu-
mentation system and the data files.
silicon chips
Thin slices of sil icon (approximately 5mm
square by 1 mm thick) which contain several thou-
sand electrical circuits. They are very powerful
devices which have an enormous number of ap-
plications in the electronics industry.
software
The general name given to a program or group
of programs which perform a particular task e.g.
spreadsheet
Software used for performing a variety of cal-
culations. It is useful for statistical analysis and in
business applications.
SQL
See structured query language.
standard deviation
A statistical measure of the extent of variation
around the mean for quantitative data.
storage
The keeping and maintenance of accessions in a
genebank. Seeds differ with respect to the condi-
tions under which they may be stored without loss
of viability.
structured query language (SQL)
An interactive query language which facilitates
data operations such as searching and reporting in
certain database management software.
subculture
1. The aseptic transfer of a part of a stock culture
to a fresh growth medium.
2. A culture derived from a stock culture using
the subculturing technique.
system disk
A disk which is needed in the start-up proce-
dures in a computer.
system manager
A person responsible for the supervision and
management of a documentation system. The per-
son responds to comments and suggestions from
users of the system on its efficiency and ease of
use, and deals with any problems that arise.
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T
table
A set of data (e.g. a file), in which each item (e.g.
a record) is uniquely identified by its relative posi-
tion in the set or by a label.
tape streamer
A device which uses magnetic tape for backing
up hard disks. Commonly used for archival storage
of large data files
tial loss.
and as a safeguard against poten-
trait
A recognisable quality or attribute resulting




Acts as an interface between electrical equip-
ment and the main electricity source. When the
uninterruptable power supply (or UPS) detects a
drop in power or a loss of power altogether, it
immediately steps in and supplies power from its
own batteries.
UPS
See uninterruptable power supply
V
variation
Differences among individuals, populations or
species in the expression of traits caused by both
genetic and environmental factors.
VDU
Video display unit. Synonymous with monitor.
VGA
Video graphics array. See monitor.
viability
1. The capacity of an organism to live or to con-
tinue developing.
2. In seeds: The capacity to germinate once dor-
mancy is removed.
view
The fields available to the user when a file or
linked files are used. See also creen form and mask.
virus
A program which spreads between computers,
usually via floppy disks or over networks, and often
causes damage to computer files. Viruses can some-
times have devastating effects, destroying files and




Designed to protect electrical equipment by
guarding against any fluctuations in the power




A collection of germplasm kept under short-term
storage conditions. They are commonly used by
breeders or researchers. Long-term maintenance
is not a priority in working collections.
WORM
Write once, read many. A specialised compact
disk which allows data to be written to the disk once
and read for an unlimited number of times there-
after. See also CD-ROM.
write-protect
Any way of making files or disks read-only.
video graphics array
See monitor.
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h . true – but can also maintain fruit trees and glass house crops
i . true
Genebanks are genetic resources centres which are set up princi-
pally to conserve germplasm in one or more collections. The germ-
plasm conserved can be seeds, tissue culture or actively growing
plants.
Genebanks differ from one another in their activities and how the
activities are organised and performed with the resources available.
These activities are themselves determined by the overall aim of the
genebank and the objectives in the different subject areas.











An explanation of the difference between data and information can
be found in section 2.1.







Priorities need to be set to maximise the use of the limited resources
and the limited time available.
A discussion about the role of information in genebank manage-
ment can be found in section 2.2.
A genebank documentation system is tailor-made according to the
documentation and information needs of the genebank. Since gene-
banks differ from one another according to their activities and how
they are organised, it follows that their documentation systems will
also be different.
A description of desirable features can be found in section 2.4.
Related data are organised into groups which are practical to use in
terms of data recording, storage and maintenance. These groups
are closely associated with the genebank procedures.
















Accession specific data are concerned with individual accessions
whereas group data are concerned with groups of accessions. Ex-
amples of the former include seed weight, moisture content and
flower colour; examples of the latter include equilibrium moisture
contents, literature references and viability test methods.
Accession specific data is given a higher priority for documentation
than group data as these data are important for genebank manage-
m e n t
A detailed discussion of the different approaches to accession num-
bering systems is given in section 1.1. In most cases it is best to
operate a single, numeric accession numbering system in the gene-
bank which is strictly sequential in its operation.







The batch reference is routinely recorded since many genebank op-
erations are performed on germplasm from specific regeneration
cycles. In characterisation and preliminary evaluation there is a pos-
sibility of variation between different regeneration cycles, and so
the batch reference should be recorded. Also, in seed store invento-
ries, each batch can have different viabilities, moisture contents,
amount of seed store and so on. As it is important to keep track of











A well designed procedure makes a task easier to carry out, easier
to manage and makes the best use of available resources. Fewer
mistakes are made and any data produced are more reliable.
An operational procedure is one concerned with the day to day run-
ning of the genebank and produces data of a high management value.
Commonly, these data need to be updated at a later date. Examples
include seed drying, seed viability testing and seed storage. A sci-
entific procedure is one which produces data of potential interest to
those outside of the genebank such as characterisation or prelimi-
nary evaluation trials.
Data from operational procedures tend to have a high management
value. For this reason, a high priority is given for their documenta-
tion.
Flow charts are used get an overall picture of the different steps in a
procedure, the decisions taken at each step, the data relationships
and the relationship with other procedures. A discussion of the de-
sign considerations is given in section 4.
Chapter 5
1. a . yes
b . no
c . yes









2. ordinal: b., c., f., g., h.
nominal: a., d., e., i., j.
3. (i) The following can be scored using both scales: a., c., e., f., g., i., j.,
k., l., m., n., o., p., q. and r.. Descriptors b., d., h., s. and t. are
scored using qualitative scales. It should be pointed out that al-
though the descriptor “Accession number” is often numerical, it
is used as a label and therefore is qualitative; you cannot, say,
use the accession number meaningfully in a calculation.
3. (ii) All quantitative data can theoretically be scored on an ordinal
scale but as there is always a loss in precision this can often be
unacceptable. It is recommended therefore that all raw quantita-
tive data are scored on a continuous scale to maximise the infor-
mation potential of the data. These data can be converted at a
later date to an ordinal scale if desired.
4. Collected from a wild habitat
Collected from a farm land
Collected from a farm store
Collected from a backyard
Collected from a village market
Collected from a commercial market
Collected from an institute
It is better to score this descriptor using a nominal scale because
each accession has only one possible collecting source. If a binary
scale were used, 6 of the above descriptors would be redundant for
each accession.




4=short to intermediate (>1.0-1.25m)
5=intermediate (>1.25-1.5m)
6=intermediate to tall (>1.5-1.75m)
7=tall (>1.75-2.0m)
8=tall to very tall (>2.0-2.25m)
9=very tall (>2.25m)
Answers to exercises 2 6 7
b. “Absent” should always be scored with the character zero “0”.





c. When using a scale of 1-9 for ordinal scale data, the convention
is that 1=very low and 9=very high. The scale should therefore
be re-written as follows:




9=very dense (very fleshy)
d. The character zero “0” should be reserved for “absent” or “not






e. As it stands, this is not a binary scale at all but a nominal scale
using the wrong convention for the character zero. It should be
re-written as: 1=grouped fruitlets, 2=isolated fruitlets. To be a
binary scale it needs to be split into two separate descriptors and
the correct convention used for absent and present, namely:
Presence of grouped fruitlets
+=present
0=absent














2. Occasions when it is not possible to record data directly include
those when it is impractical (the computer is stored in a different
location), where data analysis is required before formal documenta-
tion and when several people need access to the documentation sys-
tem at the same time.
3. Clear layouts are the key to user-friendly forms; they should be easy
to fill in, easy to update and easy to read. To this end pre-printed
forms should be used with columns (or boxes) wide enough to ac-
commodate the data and the columns thoughtfully arranged to fa-
cilitate data recording and retrieval. Where there are many descrip-
tors, a landscape orientation should be used or more than one form
designed to accommodate them. The form should have a title and
there should be a separate column for any comments.
4. The stages are:
1. Decide whether to use a management file
2. Develop manual forms for recording raw data and scoring de-
scriptors
3. Organise the forms into separate files according to subject area
4. Develop documentation procedures to ensure that the manual
documentation system is operated correctly
5. A management file should contain those descriptors which are es-
sential to the management of the collections (e.g. descriptors for vi-
ability, amount of germplasm, location in store; date of next viabil-
ity test etc.) Discrepancies can be avoided if the descriptors are scored
only in the management file and in no other place in the documen-
tation system.
6. Data should be arranged in an order which facilitates data record-
ing and information retrieval. If an unsuitable order were chosen,
unnecessary work is created entering data, keeping the system up
to date and retrieving specific data.
7. One way to deal with feedback information is to keep an informa-
tion sheet for each accession which details all literature references,
anecdotal remarks and specific information (e.g. from field trials).
8. Raw data should not be discarded as they can be useful for future
analysis or for background information (e.g. to find out the precise
conditions of an evaluation trial). To keep track of raw data, all dia-
ries, notebooks and sheets should be stored according to the subject
area and date. Also, the source of the raw data can be stored in the
documentation system so that they can be accessed at a later date.
Answers to exercises 2 6 9
Chapter 7










2. a . memory
b. CPU or central processing unit
c . mouse




h . floppy disks
3. Computer hardware commonly comprises a monitor, keyboard, sys-
tem unit, printer and a mouse. The keyboard is used to type in in-
structions or text into the computer. Alternatively, instructions can
be entered with the mouse. The monitor displays the output from
programs or what has been typed in. The printer is used for print-
ing documents.
4. Hard disks have a much higher storage capacity than floppy disks
and operate more quickly. Most hard disks are stored inside the
system unit and, unlike floppy disks, are not removable. Other stor-
age devices include removable cartridges (which have a similar ca-
pacity to hard disks), CD-ROMs (very large capacity) and tape
streamers which are used for archival storage of large data files.
5. There are four types of printer commonly available: daisy wheel,
dot matrix, ink jet and laser. Ink jet and laser printers are the most
appropriate printers for high quality graphics; daisy wheel printers
cannot print graphics and generally the quality of the output for dot
matrix printers is not high-enough.
6. Fluctuations in power can cause erratic behaviour in the hardware
leading damaged files, data corruption and loss of work. In extreme
cases, serious and extensive damage to the hardware can be caused.
To avoid this, a voltage regulator can be installed to protect the sys-
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tem from fluctuations in power and an uninterruptable power sup-
ply used to protect the system against power cuts.
7. Other ways of entering data include the use of pen-input devices
(e.g. with a graphics tablet), scanners (for the input of text and graph-
ics) and the use of modems for the input and output of data over a
telephone line.
8. File viruses are viruses which infect program files and activate when
the program is run. They can spread easily to other files. A boot
sector virus infects the boot sector hard or floppy disk and are spread
easily as they are carried by the operating system. Worms are vi-
ruses which infect computer networks, bombs are viruses activate
on a particular date and trojan horses which are not viruses in the
strict sense but seemingly innocent programs which cause severe
damage when operated.
9. Possible reasons are as follows:
1. Wrong size of disk e.g. 5¼” rather than 3½”
2. Different storage capacity of disk (e.g. high storage capacity)
which is not recognised by another computer
3. Disk was formatted for a different operating system
4. Programs on the disk were written for a different microproces-
sor/operating system combination.
10. A list of precautions you should take can be found in section 7.
Chapter 8
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3. Flat file managers are simple database managers which work with
one file at a time. In more sophisticated flat file managers, different
files can make reference to each other and therefore worked with as
a single unit. Relational database managers are designed to work
with more than one file at a time and store the same data element in
one place only.
4. Two examples:
a. Descriptors for distribution of seed from the seed store are con-
cerned with details about the accessions sent and the recipients
of the germplasm; these should normally be stored in separate
files which can be linked together.
b. Important management data (e.g. inventory, seed viability and
seed drying data) which can be placed in a single file in a manual
documentation system should normally be stored in separate
linked files in a computerised system.
5. A relationship is outlined in section 3.
6. A register of field descriptions (or data dictionary) should contain
details on the descriptor name, the field name and description, the
field type, field width and any index used. Recording these details
will help ensure consistency between files and make the process of
building the documentation system much easier.
7. Some of the descriptor names are very long and there are several

















p . p o l l _ m e t h
q . next_test
r . plot_no




8. Spreadsheets, despite being powerful tools for performing calcula-
tions, lack the power of database management software for flexible
data management. They can still be used in conjunction with data-
base management software data are exported from a database to a
spreadsheet for further analysis.
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2. The physical system design is a detailed plan of how the documen-
tation system will operate in practice with the chosen hardware/
software combination and the users of the system. The logical sys-
tem design is an outline of how the system should operate in theory
based on user requirements without reference to hardware or soft-
ware. The logical system design has to be modified if some of the
procedures outlined are impractical (e.g. the software is not power-
ful enough, insufficient computers available etc.).
3. When designed in an appropriate way, screen forms can help pre-
vent errors getting into the documentation system and make data
entry and modification much more user-friendly. Screen forms
should be easy to read – avoiding the use of abbreviations and with
not too many descriptors per form. There should be consistency in
design between different forms and, where appropriate, the order
of the fields on the screen should be the same as for the correspond-
ing manual form. It is also important to exploit the features of the
software to trap errors at the point of entry and also to facilitate data
entry.
4. A list of different features is given in section 2.2.6.
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5. 1. The descriptors which appear in the report are identified
2. The fields which are used in the search are identified
3. The need for any links between files is established
4. The search criteria are defined – in this case to select accessions
with viabilities below a certain level
5. The way in which the records should be displayed is defined –
in this case sorted in order of crop and numerical order
6. The layout of the report is designed; several designs are tried
until a suitable one is found
7. The final report is produced.
6. A discussion of these features is given in section 4.
7. The organisation of all the different routines into a. menu driven
system considerably facilitates the use of the documentation sys-
tem. Menus can be organised according to the data operation (en-
ter, modify, search, report etc.) or the subject area (registration, pass-
port, characterisation etc.).
8. The documentation system should have good system documenta-
tion to facilitate the use and future modification of the system. The
different approaches are given in section 6.
Chapter 10
1. A system manager is a person responsible for the supervision and
maintenance of a documentation system. The system manager
should be able to deal with any problems in system, respond. to
comments and suggestions from the users and handle requests for
information.
2. A system can be introduced:
a. As an immediate change-over – requiring extensive testing prior
to the change-over to avoid mistakes
b. In parallel with the old system – involving a large duplication of
effort but avoiding some of the difficulties in the change-over
period
c. Over a period as separate modules – allowing flexibility and the
ability to learn from mistakes throughout the process.
3. Training considerations are outlined in section 1.1
4. Software should always be purchased from a commercial supplier
and, where possible, the disks should be write-protected before in-
stalling the software. Illegal copies of software should not be used.
Anti-virus should be used to protect the system and to check any
new disks which are used.
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5. Data exchange is facilitated if the same database management soft-
ware is used with the same file structure and data formats. The ac-
curacy of data transfer should be thoroughly checked using test data.
It is also important that back-up copies of files are made before data
exchange takes place in case any problems arise.
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Appendix I: Completed forms
This appendix provides completed examples of the questionnaire
on pages 26-30 and the forms on pages 85 and 86 of this guidebook. You
will have used the questionnaire to help you analyse your genebank as a
whole, and the forms to help you analyse each of the individual proce-
dures performed at your genebank. Try not to model your responses on
those given in this appendix. The completed questionnaire and forms
are provided only as a guide in case you are having difficulties answer-
ing the questions or performing the analysis of your procedures.
The organisation chosen as a case study for completing the ques-
tionnaire and the forms is the Genebank of Ornamental & Medicinal
Plants (OMP). The OMP genebank belongs to the unit of Ornamental
and Medicinal Plants, Department of Horticulture, in the Faculty of Ag-
riculture of X University. It was established in 1964 to provide re-
searchers of the university and associated breeders of ornamental and
medicinal plants with stocks of primitive cultivars, mutants, lines and
hybrids necessary for further research, seed and seedling production of
these crops. The OMP genebank holds 1,200 accessions of various orna-
mental and medicinal plant species, mostly but not exclusively of en-
demic origin, such as Rosa, Viola, Chrysanthemum, Oenothora, Mentha,
Lawsonia, Geranium, Aloë and Thymus.
The seed collection is maintained as “active collection” under stor-
age conditions of 5°C with relative humidity control of 20-25% R.H.
Sources of this collection include horticultural collecting missions of this
university and other outside collectors, introductions from other research
institutions abroad, breeders collections from other institutes, etc. Part
of this collection is maintained in the field/orchard/glasshouse facili-
ties. The staffing organisation of this genebank includes a curator (se-
nior technician at the department) and six technicians who undertake
processing and storage, growing out and maintenance in the field/glass-
house, multiplication and regeneration and characterisation/evaluation.
Viability testing is undertaken at the seed and plant physiology labora-
tory at the Department of Plant Physiology. The curator keeps the ‘cen-
tral records’ on the material (stock control and viability data) while re-
search staff (including Ph.D students) are responsible for evaluation/
characterisation and crossing/selection experiments. Data on the latter
are kept separately by research supervisors in the Department.





SECTION I:   YOUR GENEBANK’S  RELATION  WITH  OTHER  GENETIC   RESOURCES  PROGRAMMES






2. When was your genebank established?
A N A L Y S I S
A N A L Y S I S
In the planning stage
Less than a year ago
1-2 years ago
3-5 years ago
More than 5 years ago
3. Is there a national programme of plant genetic resources A N A L Y S I S
activities in your country?
Yes or in the planning stage
No
4. Does your genebank collaborate with other genetic resource A N A L Y S I S
programmes in other institutes or genebanks?
Yes
No
SECTION II:  YOUR GENEBANK’S AIM AND AREAS OF ACTIVITIES
5. Summarise in a short phrase your genebank’s aim A N A L Y S I S
[In this phrase try to explain what the genebank has been set up to achieve]
6. Which of the following activities does your genebank A N A L Y S I S
undertake? (tick as many as appropriate)
Germplasm collecting
Acquisition of new germplasm samples
Multiplication/regeneration of germplasm
Characterisation and evaluation of germplasm
Maintenance of germplasm
Germplasm health/quarantine
Dissemination of information on germplasm
Selection of germplasm for distribution
Research (e.g. germplasm enhancement, seed physiology)
Organisation of technical meetings/training workshops
7. In which form(s) is/are the germplasm maintained and











9. How many different species are held?
A N A L Y S I S
A N A L Y S I S




10. Is your genebank in an expanding phase?
Yes
No
11. Approximately how many samples do you distribute




SECTION III:  YOUR GENEBANK’S ORGANISATION
12. How does your genebank fit into the structure of
your parent institute?
Genebank is independent of other projects but sometimes
works with other projects
Genebank is independent of other projects but works
closely with other projects
Genebank is part of another project
Other (please specify)
13. Does your genebank work on a collaborative basis A N A L Y S I S





If the answer to question 13 is “no, never”, go straight to question 17, otherwise complete questions 14 & 15.
14. How is the work organised at the different research stations? A N A L Y S I S
By your genebank
In consultation with your genebank
Independently of your genebank
15. Do the different research stations operate, or plan to operate,
documentation systems?
A N A L Y S I S
Yes
No
If the answer to question 15 is “no”, go straight to question 17, otherwise complete question 16.




17. Which of the following statements most accurately
describes the organisation of duties at your genebank?
People do not have clearly defined duties and share
duties on a day to day basis
People have clearly defined duties but there is a regular sharing
of duties on a day to day basis
People have clearly defined duties but perform other duties
when necessary
People have clearly defined duties with little or no sharing of duties
18. In which areas is there usually a sharing of duties?
Indicate the approximate number of people involved
Number:
Germplasm collecting





Seed moisture content testing
Seed viability testing
Seed packing and storage
Distribution of germplasm
Multiplication/regeneration of germplasm
Dissemination of information on germplasm
Selection of germplasm for distribution
Characterisation and evaluation of germplasm
Research (e.g. germplasm enhancement, seed physiology)
Organisation of technical meetings/training workshops
A N A L Y S I S
A N A L Y S I S
19. In which areas is there usually backlog of documentation work?
Indication the extent (e.g. small, medium, large)
Extent:
Germplasm collecting





Seed moisture content testing
Seed viability testing
Seed packing and storage
Distribution of germplasm
Multiplication/regeneration of germplasm
Dissemination of information on germplasm
Selection of germplasm for distribution
Characterisation and evaluation of germplasm
Research (e.g. germplasm enhancement, seed physiology)
20. What are the genebank’s documentation priorities?
Indicate the degree (e.g. low, medium, high)
Degree:
Germplasm collecting





Seed moisture content testing
Seed viability testing
Seed packing and storage
Distribution of germplasm
Multiplication/regeneration of germplasm
Dissemination of information on germplasm
Selection of germplasm for distribution
Characterisation and evaluation of germplasm
Research (e.g. germplasm enhancement, seed physiology)
Organisation of technical meetings/training workshops
A N A L Y S I S
A N  A  L  Y  S  I  S






TYPE OF PROCEDURE (OPERATIONAL/SCIENTIFIC):
RELATED PROCEDURES:
SHEET  NUMBER:
DESCRIPTOR DESCRIPTOR STATES COMMENTS
COMMENTS :




DESCRIPTOR DESCRIPTOR STATES COMMENTS
COMMENTS:
2 8 3Appendix II: Country codes
Appendix II: Country codes



















































































































The English and French country names and the country code columns in this table have been reproduced directly from: Interna-
tional Standard Codes for the representation of countries, 3rd ed., 1988. ISO, International Organization for Standardization.
They are current as of 2/12/92. Most of the Spanish country names have been reproduced directly from: Names of Countries, fao
terminology bulletin 20/rev. 8, 1986. Food and Agriculture Organization of the United Nations.




































Bouvet, Isla Bouvet, Ile BVT
Brasil Brésil BRA
Territoria Británico de1 Océano Indico Océan Indien, Territoire britannique de 1’ IOT
Vírgenes Británicas, Islas Vierges (Britanniques), Iles VGB
Brunei Darussalam Brunéi Darussalam BRN
Bulgaria Bulgarie BGR























Democratic People’s Republic of KoreaCorea, República Popular Democrática deCorée, République pop. démocratique dePRK
Denmark Dinamarca Danemark DNK
Djibouti Djibouti Djibouti DJI
Dominica Dominica Dominique DMA


























































































































































































































































































































































































































































































Saint Kitts and Nevis
Saint Lucia
Saint Pierre and Miquelon
Saint Vincent and the Grenadines
Samoa
San Marino



















Saint Kitt y Nevis
Santa Lucía
San Pedro y Miguelón
San Vicente y las Granadinas
Samoa
San Marino
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ENGLISH: SPANISH: FRENCH: CODE:
Syrian Arab Republic
T


















United States Misc. Pacific Islands





































Islas varias de1 Pacífico (EE.UU.)




Vaticano, Estado de la Ciudad de1 Vatican, Etat de la cité du
Venezuela Venezuela
Viet Nam Viet Nam
Vírgenes Islas (EE.UU.) Vierges, des Etats-Unis, Iles






















Emirats arabes unis ARE
Royaume-Uni GBR
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Numbering system 38, 40
Acronyms 3 8
N u m b e r s  5,  8 ,  37-38,  48,
59-60, 69-70, 205
Allocation by software 206
Assigning of 59, 63
Linking files by 158
Active collection. See Collection: Ac-
tive
Activities
Genebank. See Genebank: Activi-
ties




Of genebank activities. See Gene
bank: Activities: Analysis




Bar code reader. See Light pen
Base collection. See Collection: Base
Batch reference 5, 37-38, 42-43,
69-70, 81-82, 119, 205
Types 4 2
Binary scale 98, 105
Breeding programme 9
C
CD-ROM. See Computer(s): Disk:
Compact, read only memory
CGIAR 10
Character. See Database: Field: Type
Characterisation 8, 12, 46, 76.
See also Evaluation; Preliminary
evaluation
A ims  7 6
Definition 7 6
Descriptors 76-77
Field collection 7 9
In vitro
Biochemical techniques 81
Molecular techniques 8 1
Information 1 6
Trial 20, 42-43, 50, 128
Characterisation file. See Database:
File: Characterisation





Systems of 113, 122
Standardising 32, 34






Field 12, 78-79, 118
D i s t r i b u t i o n  o f germ-
plasm 7 9
Documentation 7 8
Sample monitoring 7 9
Sample planting 7 8
Sample registration 7 8
In vitro 12, 79, 118
Descriptors for 8 2
Of germplasm 1 2
Working 1 2
Collector number 40





As tools 1 3 3
Basic skills 5
Central processing unit 136
Chips 132. See also
Microprocessor
Memory 136. See also
Computer(s): Memory
Differences between 147
Disk 131, 136, 143
Boot sector 143
Capacity 1 4 9
Compact, read only memory
139
Drives 138, 142, 149
Floppy 137, 148
Formatting 138, 149
Hard 137, 142, 149
Optical 1 3 9
Write once read many 139
Forms. See Forms: Computer
Functionality 143
Giving instructions 134-135
Hardware 1 3 3
IBM PC 147
Interface
Command line 144, 148
Graphical 144, 148





Monitor 134, 135, 143, 149
Touch sensitive 135
Mouse 134-135, 143-144, 149
Network 1 4 6
Operating system 143, 236
Types 1 4 8
Version 1 4 8
Operation 1 4 9
Safety precautions 149
Printer 134, 139, 143, 149
Daisy wheel 1 4 0
Dot matrix 1 4 0
Fonts 2 0 1
Ink jet 140
Laser 1 4 0
Limitations for printing 202
Program 133, 136, 145
Software 32, 145, 147, 154
Standardising 3 4
Virus 145, 146, 230
Sound effects 190
System unit 136, 139
Technology 132, 141




Continuous scale 94-95, 102-104
CPU. See Computer(s): Central pro-
cessing unit




Curator 13, 16, 20
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D
Data 15
Accession 37, 60, 127
Accuracy 91
Analysis 92, 99, 120





Entering 94, 156, 184, 204




Exchange 8, 24, 32, 34, 96,
98-99; 138, 149, 219, 233








Formats 22, 32, 92
Generation 37, 46, 57
Genetic 97









Management value 48, 58, 220
Modifiying 99, 156, 184, 206
Order 124
Organisation 19, 109, 154






Raw 92, 104, 109, 120, 228
Recording 5, 21, 25, 91, 99,
105, 169, 112, 154, 156, 175
Approaches to 93
Need 5 8
Redundancy 98, 105, 160
Relating 37
Reliability 91
Retrieval 5, 14, 18, 21, 25,
96, 98-99, 102, 105, 122-113,
124, 154, 156, 175
Searching 156, 184, 298
Criteria 198
Security 6, 150, 219, 229




Updating 99, 126, 154
















Name 167-268, 172, 186
protected fields 189
Size 272
Type 167, 169, 171






Inventory 75, 125, 205



















Table. See Database: File
Database management 133
Software 145, 156
Flat file manager 156-157
Relational 156-157
Date. See Database: Field: Type












Scoring 92, 95, 109












Distribution 12, 16, 20, 33, 80













Training. See Training: Indocu-
mentation skills
Documentation system 1-2, 14,
25, 32, 72, 98
Accuracy 240
Building 5, 20, 37, 181
Stages of 182
Change-over 6, 226




Design 4, 17, 219
293Index













Manual 4-5, 19, 21-22, 32-
33, 109-110, 154, 163, 171
Organisation 117
Modification of 219, 238









The need for 27
Training. See Training: Documen-
tation system: Use of
User guide 215, 225
Uses 1 7
Donor number 63
Flat file manager. See Database man-
agement: Software: Flat file
manager
Flow chart 21, 37, 48, 83, 181, 213
Construction of 50
For data backup 214
For data management proce-
dures 214
For genebank procedures213



























Influence on traits 103








Feedback information 109, 127
Field. See Database: Field
Field collection. See Collection: Field
Field genebank 12











Activities 1, 8-10, 17, 31-32
Analysis 4-6, 50
Aims 9-10, 25, 215
Analysis 219
Background information 20, 24
Institutional 10, 31
International centres 10, 31
Manager. See Curator
National 8, 10, 31
















Genetic data. See Data: Genetic
Genetic resources
Plants 10.  See also Plant genetic
resources
H
Hardware. See Computer(s): Hard-
ware
Heterogeneity 101





In vitro collection. See Collection: In
vitro
Indexes. See Database: File: Indexes
Information 2, 15-16
Definition 14
Exchange. See Data: Exchange
Genebanks 16
Retrieval. See Data: Retrieval
Institutes. See Genebank: Institutional
National 10
Inventory. See  Seed: Store: Inventory
Field collection 78
Manager 33
Inventory data. See Data: Inventory





Logical. See Database: Field: Type







Forms. See Forms: Manual
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Manual Systems. See Documentation
system:  Manual






Medium-term storage. See Storage:
Medium-term
Memo.  See Database: Field: Type




147. See also Computer(s)







Moisture content. See Seed: Moisture
content
Monitor. See Computer(s):  Monitor
Mouse. See Computer(s): Mouse







Nominal scale 96, 98, 102
Normal distribution 103, 104
Numbering system. See Accession:
P
Page layout 116, 221
Passport
Information 16
Passport data. See Data: Passport
Passport file. See Database: File: Pass-
port
Pedigree 81
Pen input device 142. See also Light
pen
Personal computer. See Microcomputer
Plant genetic resources 7






Printer. See Computer(s): Printer
Problems
Operational 3








Program. See Computer(s): Software.






Numeric. See Database: Field: Type RAM. See Computer(s): Memory:
Random access
O Random access memory, See
Computer(s): Memory:
Objectives Random access
Genebank. See Genebank: Objec-  RAPD 81
tives Read only memory. See Computer(s):
Observations 25 Memory: Read only
Recording of 92, 204 Record. See Database: File: Record
Operating system 131.  See also Regeneration 12, 42, 48, 73
Computer(s): Operating Aim 7 3
system; Software: Operating Field collection 79
system Of germplasm 8, 16
Orchard 78 Descriptors for 75
Ordlnalscale 94-95, 98, 102 Requirements 74
Registration 121
Process 63
Registration file. See Database: File:
Registration
Relational database manager. See Da-
tabase management: Software:
Relational




















Registration 46, 59, 60, 63
Requests 71
Scale. See Binary scale; Continuous













Distribution 46, 48, 71
Aim 7 1
Descriptors for 71
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Viability testing 46, 48, 67,




Seed viability file. See Database: File:
Seed viability
Short-term storage. See Storage: Short-
term
Software 32, 133. See also
Computer(s): Software
Database management. See Data-
base management: Software




Text management.  See Database:
Literature
Word processing 133, 145
Species 32, 37, 97
Number documented 33
Spreadsheets 276, 292
SQL. See Database: Query: Struc-
tured query language
Staff. See Genebank: Staff
Standard deviation 92, 103
Recording of 104
Standards 34











System unit. See Computer(s): System
unit
T



















Self-teaching materials 2, 4
U
Uninterruptable power supply 141,
150






Testing. See Seed: Viability test-
i n g
Views. See Forms: Screen entry
Virus. See Computer(s): Software: Vi-
Voltage regulator 142, 150
W
Wordprocessing. See Software: Word
processing
Working collection. See Collection:
Working
WORM. See Computer(s): Disks: Write
once read many
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